UNIT 


14 N\ RESPIRATION 


SL — 
yy Concept 


Res piratory System of Man . | 
hanism of Transport of Respiratory Gases 


| maje 
i 


Respiratory Disorders 


Porina 


Learning Outcomes 


tudents will be able to: 
Define the respiratory surface and list its properties 
Describe the main structural features and functions of the components of human respiratory 
system 

Describe the ventilation mechanism in humans 
| | State lung volumes and capacities 
ə Explain how breathing is controlled 
| Describe the transport of oxygen and carbon dioxide through blood 
i Describe the role ofrespiratory pigments 


, State the causes, symptoms and treatment of upper Respiratory Tract Infections (sinusitis, otitis 
_ media) and lower Respiratory Tract Infections (pneumonia, pulmonary tuberculosis) 

| e Describe the disorders of lungs (emphysema and lung cancer) 

i , List the effects of smoking on respiratory system 


J 


Introduction 

For normal functioning of organisms chemical substances are needed, which must 
be transported into and around the body, while waste substances must be transported 
from where they are produced to outside. 

Respiration is the one of most important processes in this respect. There are two 
levels of respiration i.e. external respiration and internal respiration. 
i External Respiration is also known as breathing which is the process of taking 
fresh air (containing more oxygen) into the respiratory organs (lungs) then to cells and 
removal of stale air (containing more CO,) from respiratory surfaces or organs. 
Internal Respiration is also known as cellular respiration. It is a catabolic 
| process, releases energy from organic food molecules. The energy is released in the form 

of Adenosine Triphosphate (ATP) that is used for development, growth various bodily 

activities, repair damage parts and reproduction. 
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14.1 Respiratory System of Man 
exchange between cel] 
ls, bog 


Respiratory system is responsible for the gaseous 
fluids (blood), respiratory surfaces and outer environment. 
14.1.1 Properties of Respiratory Surfaces in Animals and Huma 
_ Respiratory surface are the areas where gaseous exchange between ania 
environment occur. These surfaces in various animals are skin, tracheas, gills aes S anq 
The respiratory surfaces show following characteristics for readily exchange of a 
Seg 


through diffusion. 

L. It should be large, moist and highly permeable for easy exchange of gases, 

2. It should be thin epithelium (1mm OF less) and also possess network of blo 
capillaries, which facilitate rapid transport and diffusion of gases bere. 
respiratory surface and blood. ‘i 

3, A good ventilation mechanism should be present to maintain a steep diffusion 


gradient. 
14.1.2 Components of Respiratory System of Man . 
This system can be divided into two main parts, the respiratory tract or air passage 
onsists of external nostrils, nasal 


way and respiratory organs. The respiratory tract c 
bronchi, bronchioles and 


sacs or cavities, internal nares, pharynx, larynx, trachea, i 
alveolar ducts that terminate into the alveoli while respiratory organs are a pair of lungs, 


14.1.3 Nose or Nasal Cavities 
The human nose is the only exte 
made of bones, cartilages and fatty muscle tissues. 


parts of respiratory tract which is 


rally visible 
external opening of nose is called 
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Fig. 14.1: Human Respiratory Tract 


| į nostrils. There is a nasal 
xte! : septum which s ae 
k sti ules mr sp. other. These cavities onti a ees Ae pee cavities or 
pem eA we a eee along with cilia, which serves as ee by ee 
agains! pathog 7 : p dust and solid particulate substances present i mA PONAR 
esta ces are pushe to pharynx bat tcorsem oval present in the air. These 
$ The mucus also moists the air and brings the A pe 
o : erature of inhaled ai 
pody temperature about30 C depending upon external temperature. (Fig. m D pers 
gia Pharym i 
The internal n at the back ofnose, opens the nose into the pharynx, which is 

yscular mucus ase ie passage, cone shaped, conne-cts oral cavity and nasal cavities 
the oesophagus and larynx. It consists of three sections, the nasopharynx, orophar- 
nx and laryngoph-arynx. The inter connection of oral and pharyngeal cavity is 
medically beneficial to us, which allows to breath both by mouth and nose. (Fig. | 4.2) 
14.1.5 Larynx 
Larynx 1S also called voice or sound box. I 
muscles, one of the cartilages that acts as a lid called epi 
epiglottis automatically covers the opening and cavity of larynx known as glottis. Two 


vocal cords, made of elastic fibres, placed horizontally in the lower side of glottis. The 
vibration of these cords produces voice. In adult male these cords are larger thus usually 
produce low pitche 


t is composed of cartilages and 
glottis. During swallowing the 


d voices. (Fig. 14.3) 
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[here . between these membranes filled with fluid called pleural fluiq 
i enables them to slide ov er one another and to prevent friction. (Fig. 14.5) ; This 


isa space 
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14.1.9 The Mechanism of Breathing (Ventilation) 


[he breathing is a mechanical process consisting of two phases .e. inspirati 
xhalation. During inspiration, the fresh air coneda 
lungs while during expiration the air with more aa 
es neither draw 1n air nor push it out y 
of elastic lungs occur and also passive contraction of lun daor € 
ntraction of the lungs is done by a 
es and intercostal muscles (muscle, 


inhalation and expiration or e 
more oxygen is pumped into the 
pumped out of the lungs. The lungs themselv 
passive expansion 
during expiration. The complete expiration and co 
combined action of diaphragm, abdominal muscl 
hest is increased by two ways. 

It in the upward and forward movement 
leased and they expand. 


between the ribs). 
During inspiration the space inside the c 
External rib muscles contract, which resu 


i) 
of the ribs, thus the pressure from the lungs is re. l 
ii) The muscles of diaphragm contract, lowering it and increasing the volume of the 
chest cavity. | 
Abdominal muscles relax to compensate for the compression of abdomina) — 
Inhalation Exhalation 
i 
b 3 
fi 
f à $ 
A 
Jd 


< The release of pressure from | 

organs: 1 eity by Gost ungs by upward movement of ribs and increase in 
o chest ca y movement of diaphragm causes the pressure in the ch 
«to drop below the atmospheric alla i 

„ity (0 pressure and thus air rushes through the respiratory 

e into the lungs to equalize the pressure inside and outside 
it oa a the volume of chest cavity is decreased. Muscles of the ribs are 
relaxed and the ribs move downward and inward, in this way from the side of the chest 
avity the space becomes less. 

At the same time the muscles of diaphragm also relax, the diaphragm projects into 
ihe thoracic cavity and become dome-shaped, therefore, the chest cavity is also reduced 
fom the floor as well. 

The abdominal muscles contract to push the abdominal organs against the 
diaphragm. The elastic lungs also contract and force the air to expel out. The reduction of 
space of the chest cavity exert pressure on the lungs thus the air inside the lungs move out 
ofthe lungs and this is known as expiration. (Fig. 14.6) 
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e: 14.1 Differences between internal and external respiration 
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External Respiration 


It is a biochemical process OC 
the cell to oxidize food molecules. 


curs within 


It is the exchange of respiratory gases (0, 
and CO) between the organism and its 
environment. 

It is exchange of gases between circulatory 
fluid and external environment. 


No ATP, H,O are formed. 


It is exchange of gases between the cell 


and circulatory fluid. 
ATP, CO, and H,O are produced. 
aerobic or anaerobic 


Itis aerobic respiration. It may be 


14.1.10 Lungs Respiratory Volumes and 

The respiratory volume is also known as 
pulmonary volume, which is the amount of air inspired, / 
expired and stored within lungs at any given time. Itis the { 


amount of air during breathing. | Be tle aa is a device which 
Tidal volume is the amount of air moved in and elps to measure the respira- 


out with each quiet breath which is norma lly 500 ml Gozali andhe Stir et 


during deep breath. We can increase the inspi ration by as 
much as 3000 to 4000 ml of air during force d inspiration. This is known as inspiratory 


reserve volume. About 1200 — 1500 ml air al vays remains in the lungs (even during deep 
breath), this is called residual volume. (Fig. 14.7) | 
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Fig. 14.7: Respiratory Volume 


14.1.11 Controlling Centres of Breathing 

Breathing is controlled both involuntarily and 
voluntarily. The medulla of our brain is controlling 
centre for involuntary breathing. The normal breathing 
rate is 15-20 times per minute. The voluntary or | 
consciously control centre is cerebral cortex of 
cerebrum while limbic system of the brain also acts as 
respiratory centre during emotional acts. 


14.2 Mechanism of Transport of Respiratory Gases 
Respiratory gases (CO, and O,) are transported to various body regions by means 


of blood. 
14.2.1 Respiratory Pigments and their Role 


i) Haemoglobin is the most important respiratory pigment present in many animals 
including man. It is a complex protein consisting of four polypeptide chains i.e. 2 alpha 
chains and 2-beta chains having 574 amino acids. Each chain is associated with an haeme 
group. Haeme group is an iron containing group, which consists of porphin with a 
central atom of ferrous (iron) between four pyrrole rings. (Fig. 14.8) 


_ Function of Haemoglobin ule 
Haemoglobin is an iron containing protein in the red blood cells of vert 
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Fig. 14.8: Haemoglobin 


ii) | Myoglobin is another respiratory pigment in man, which is present in the muscle 
of human and other mammals. Therefore, meat is red. It is made of one iron containing 
polypeptide chain (contain 154 amino acids and bind only one molecule of oxygen). 


Function of Myoglobin:- It stores oxygen in the muscle and gives oxygen when partial 
pressure of oxygen is below 20 mm of Hg. It has more affinity to combine with oxygen 


than haemoglobin. (Fig. 14.9) 


Tertiary 
Structure of Protein 


Fig. 14.9: Myoglobin 


14.2.2 Transport of Oxygen in Blood 
About 97-98% oxygen is carried by haemoglobin while remaining 2-3% transpor 


as dissolved oxygen in plasma. 

Hb (Haemoglobin) +40, —Cabenisantycrsst_. 40,Hb(oxyhaemoglobin) 
The ability of haemoglobin to bind with oxygen is called oxygen carrying 

capacity of blood, which is directly proportional to the partial pressure of O,. Maximum 

O, carrying capacity of blood at sea level is 20m1 / 100ml of blood (100% saturated). It 


loses oxygen when partial pressure is less than 60 mm of Hg. 


14.2.3 Transport of Carbon Dioxide 
As compared to oxygen, CO, is more soluble and easily dissolved in the tissue 

fluid. The CO, from tissue passes to blood plasma, present within the blood capillaries 

where its transport occurs by three ways. 

i) As bicarbonate ions (about 70%). 

ui) Ascarboxyhaemoglobin (about 23%) 

iii) As dissolved CO, in plasma (about 7%) 


i) Asbicarbonate ions (HCO,) 
enters hak of all, the CO, is released as a result of oxidation reduction 
e plasma of the blood in tissue fluid. In blood, CO, combines in the presence 0 


reaction and 


enamed as carbonic anhydrase with water inside RBCs and form carbonic acid. 


# 0, + H, © CarbonicAnhydrase H,CO, (Carbonic Acid) 
rne carbonic acid splits quickly and ionizes to form hydrogen ions (H *) and 
onate jons ja 
a CO ee == H'+ HCO; 
{| these T eactions are reversible. When the blood leaves the capillaries and comes 
po? ood vessel all the CO, is now in the form of bicarbonates. Bicarbonates diffuse out 
im red blood cells and carried by the plasma and R’ is absorbed by the globin protein of 


pic?! 


peno emo Jobin. 
A 
When the blood reaches the alveoli of lungs capillaries, the bicarbonate ions again 


ne with H ions’ to form carbonic acid again. 
HCO; +H === HCO, 

The carbonic acid again splits into H,O and CO, 
A CO; Carbonic cee ae O EO 

? ; 2 2 

This CO, diffuses out of the capillaries into alveoli of lungs from where it is 
_ out by the process of expiration. a ae 14.10) 


mbi 


ni 14.10: Fpl A EO E 
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Role of Hydrogen lons : 
rhe pH of blood may decreases due to H’ ions in the blood, but it 


sinc haemoglobin acts as buffer for Hydrogen ions. The oxyhaemoglo Oy 
combines with hydrogen ions to become reduced into haemoglobin acid ci ea, 
oxygen is released to the tissues. (Fig. 14.1 1) Hb) an 
i 40, Hb + H GGG HHb + 40, 
Red Blood Cell 
CO, in Plasma —< CO, +E 
Diffusion / Diffusion 
O, in plasma z q Chloride I in plasma 
~ Hib rE S shift 
Fig. 14.11: Release of O, and Absorption in Blood Plasma and RBC 
} Hamburger`s Phenomenon or chloride shift 


Hamburger`s phenomenon explain the maintenance of balance of two ion 
(Bicarbonate and Chloride Ions) in opposite directions, by special bicarbonate chloride 
carrier protein that is located in the plasma membrane of RBC. When from RBCs 
negatively charged bicarbonate ion (HCO3 ) diffuse out into the plasma, this is balanced 
by diffusion of chloride ions in RBCs in opposite direction thus maintaining the balanc: 
of ions on either side of plasma membrane. / ) ERIT 

The chloride ion in the RBC combines with Information 
potassium (K^ to form potassium chloride (KCl) where f Th 
as in the plasma, the bicarbonate ions combine with 
sodium (Na ) to form sodium bicarbonate (NaHCO). 
Thus the pH of blood is maintained at 7.4. 


ii) AsCarboxyhaemoglobin 

When the partial pressure of CO, is higher in the 
tissues than the blood, the CO, combines with amino 
group of haemoglobin to form carboxyhaemoglobin. In 


the partial pressure of CO, is less than blood, it again breaks and releases CO.. 


yst 


p „plasma Protein 
ii) gome CO, (about 7%) transported from tissue fluids to the lungs with the help of 
roteins, which is rather inefficient way to carry CO,, 
na , 
past gespiratory Disorders 
j4 Many problems ın respiratory system can take place if inner lining of respiratory 
| Fox osed continuously to unhealthy air, containing poisonous gases. (Such as 
oe and other pollutants). Some common respiratory disorders are as under. 


A į Upper Respiratory Tract Infections 
43: cinusitis 
The sinuses are holes in the skull between the 
| bones and inflammation in these holes is called 
ic sitis. So the sinusitis may be acute (if symptoms last 
eek) or chronic (slowly progress and symptoms 
psimuch longer): : 

The sinuses are lined with mucus secreting 
ambrane, which secretes antibody rich mucus, helps to 
rap and prevent entry of irritants. 


Interesting 
Information 
| There are four large sinuses, 
‘| two maxillary lie inside the 
| cheek bones and two frontal 
sinuses, lies above the eyes. 


es 


Causes: It is generally caused by atmospheric pollution, dust, smoke, cold and wet 
climate, excessive dryness and bacterial or viral infections, etc. 

Treatment: Antibiotics or sulfa drugs are recommended for bacterial infection. 
Antiallergic and decongestants are also prescribed by doctors. Steam inhalation called 
jebulization is also useful to treat sinusitis. 

i) Otitis Media 

It is an inflammation of the middle ear in which Eustachian tube (tube between 
middle ear and pharynx) filled with fluid and become close. If this fluid is not clear up 
‘after three months or more, then it becomes chronic otitis media. 


Causes: The main causes of otitis media are infection, allergy, recurrent attacks of 
mmon cold, blockage of Eustachian tube, nutritional deficiency and sinusitis, measles, 


Symptoms: The common symptoms of this disease are sudden and severe ear ache, 
deafness, fever, headache, sense of fulfilness of ear, tinnitus (ringing or buzzing in the 
tar), fluid leaking from ear, difficulty in speaking and hearing, etc. Sometime even 
‘ardrum can burst, which causes a discharge of pus and relief of pain. 


Treatment: Mostly (around 80% patients) treated by clearing up th 
to four days, ear drum has self-repairing ability. However ; or 
antibiotic therapy is prescribed. Pain killers may be given to EoLA pe 
ain 
14.3.2 Lower Respiratory Tract Infections 
i) Pneumonia 
| It is serious disorder of lower respiratory tract. Pneumonia is ch 
inflammation of alveolar wall and accumulation of fluid and pus in alv c aracterizeg 
both lungs. (Fig.14.12) 2 colar sacs Of one l 
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Fig. 14.12: Pneumonia of the Lungs 
Causes: Mostly caused by bacterial genera such as Streptococcus pneumoniae, 
Staphylococcus aurexs, Haemophilus influenza and Mycoplasma, etc. Sometime i 
also occurs due to viral, fungal or protozoan infection. 
Symptoms: The person with bacterial pneumonia may experience with chill, chattering 
teeth, shaking, chest pain, sweating due to high fever, increase pulse rate and breathing, 
violent coughing (due to Mycoplasma). In viral and other form dry cough, headache, 
fever and muscle pain, bluish color of lips, and red brown rusty color sputum are als 
symptoms of pneumonia. 


Treatment: Mostly antibiotic treatment is prescribed. 


n iy Cancer l 
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prhe most common cancer in the world, 
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Fig. 14.13: Lung Cancer (Cancerous and Healthy Lungs) 


ymptoms: In initial stages the thickening and / \ Exa 
~ Ẹ aallusing (hardening) of cells occur, which are present in Jnformation, 
Witte lining of bronchi. The cilia in nasal passage (to 
i , event dust and dirt from seating in the lungs) are 
destroyed. The tumor consisting of disordered cells, 
read and penetrates to other tissues known as 
metastases. These tumors grow until the bronchus is 
blocked and cutting off the supply of air to lung. The 
secretions are trapped in the spaces of lungs and become 
infected known as pneumonia or a lung abscess 
(welling area containing pus) or only lung abscess 
result. 

eatment:; To remove the tumor or the lung 
ompletely before the secondary growth has to occur. 
This operation is called pneumonectomy. Chemotherapy and radiotherapy may treat 
cancer. 


Fil) Pulmonary Tuberculosis (TB) 


Pneumonectomy: Surgical 
removal of lung or part of 
| lung. ry 
Chemotheraphy: The use 
of chemical agents to treat or 
control diseases. gel 
Radiotherapy: A therapy 
(Treatment) using ionizing 
radiation, generaly as a part of 
cancer treatment to control or 
\kill malignant cell. 


isin } Itis infectious bacterial disease of lower respiratory system. It is more common in | 


a 


itrition. 


conditions and malni 

ed by a Bacillus bacterium 

develop TB of lymph noq kn Wh 
San 


oor living 
tuberculosis is caus 
Although about 15% 


poo! people due top 
Pulmonary 


Causes: 
þercle. 


M pcobacterium {u 
al tract. 


gastro intestin 
e inside of the lungs is damag 


Symptoms: Th ed, alveoli burst and are 
inelastic connective tissue. "placed | 
The cells of lungs form y 
m the rest of the body. 


a protective capsule around the bacteria and iso] 
Olated 
t 
e 


This tiny capsule 1s called tubercle (smajj i M 
Ndeq 


s 

fro 

swelling). 

The patient has cough, fever, pale face and sweating at night. 
nand breathlessness may occur. : 


In severe form, chest pai 
Malnutrition and poor living conditions facilitate the p 
a 


Facilitating Condition: 


to grow. 
Treatment: Th 
(for 9 months regu 


(DOTS). Vaccination is also 
Itis a contagious disease (likely to transmit by conta 


onment to prevent infection. 


priate drug therapy such as antibgg: 
ies 


e disease is curable with appro 
Observed Treatment Short Co 
Urge 


larly). This is called Daily 


available against the bacteria. 
ct) so patient should be kept in iso] 
ate 


envir 
iv) Emphysema 
Itis a lung disorder in which the air sacs (alveoli) degenerate and the elastic fi 
It, alveolar wall degenerate and small hh 
l 


estroyed. As a resu 
This results in less alveoli with an increased volume ang 


gaseous exchange. 
ms: Increasing breathlessness, patient faces difficulty in walking. Lung lose 
elasticity, so it becomes more difficult to exhale air and lot of air remains in the es 
during expiration. Inflammation and narrowing of bronchioles occur. The patient el 
fatigue, coughing and cyanosis (blue skin). (Fig. 14.14) 
cause of emphysema is the long term irritation of the lungs by cigarette 
dustrial dust and exposure of lungs to certain drugs, coal, etc. The 
ftobacco weakens the walls of alveoli. 


present in them are d 
combine to form larger alveoli. 
decrease surface area for complete 


Sympto 


Causes: The root 
smoke, polluted air or in 
substances present in the smoke o 


nt: There is no cure of emphysema but some care may be helpful. 


Treatme 
e Avoid smoking. 
e All kinds of respiratory infections should be treated immediately. 


s are helpful. 


. Oxygen equipment and respiratory device 
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Fig. 14.14: Alveoli (Normal and Emphysema) | 

effects of Smoking on Human Health | 
There are many effects 
oking on OU respiratory 
of a such as 87% of cigarette 
A also develop lung 
e The smoking causes 
E of mouth, larynx and 
J hagus. Smoking also 


(4.3 


esd : 

„uses MANY other diseases 

à as chronic bronchitis and 
| emphysema. 


The smoke of cigarette 
contains chemicals which 
| jmitate the respiratory tract and 
ng which results in early 


moming coughing and whee- Healthy Lungs Smokers Lungs 
zing It is indirect cause of In healthy people, the i In smokers, the lungs 
i lungs are light pink appear dark and mottled 


meumonia because cigarette 
smoke damages or destroys Fig. 14.15: Effects of Smoking 
cilia, Thus microbes cannot be 

trapped and are easily settled in 

respiratory system. (Fig. 14.15) 
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\ Science. | 
Artificial Breathin 

1S apparatus is used 
n concentration such as 
ommonly called aqua-l 


thing Ap 

l paratus). It 
contains about 35% te : 
less than ambient pressure 


gAppa 
Oxyge 
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Brea 


Why? 


also no foul air is left in the lungs. 


snoring. 


feels difficulty in breathing. 


Sneezing:- Deep inspiration followed by 
results abruptly opens the glottis, sending a 


when we swim under the water and the a 
at high altitude. The apparatus is also used W 
ung or SCUBA apparatus (Self Contained Ung aie 
ntains compressed air that is a mixture caller 


Hiccups:- It is sharp respiratory sound produced 
diaphragm while the glottis is closed. It is reflexive an 


ratus 


reas 


i The ambient bject i 
surroundin ' ( t pressure on an o ject is the press 
& medium, such as a gas or liquid, in contact with the o p 


could 
breathe readily at any depth of water or areas with low oxygen. 


Respiratory system in birds is the most efficient and elaborate 


The hiccups, sneezing and snoring are the conditions which are related to bre 


by fire fi 


bj ect) > thus 


With lo 


ater 


and 65% Nitrogen. The pressure of compressed air qe 
Muc 

re of the 

divers 


Respiratory system in birds is the most efficient than other animals due the following 
features. There is one way of the air through the lungs and air is renewed after inspiration and 


The direction of the blood flow in the lungs is opposite to the air flow, the parabronchi, 
This counter current exchange increases the amount of oxygen which enters the blood. 

Also birds have air sacs which reach into all parts of the body and even penetrates some 
bones. These air sacs storé air and act as balloons and blow air into parabronchi for exchange of 
gases. This system provides a large amount of oxygen for the high metabolic rate, and birds 
can breathe and fly on high altitude of about 6000 meter or more. 


° Relate the transportation of gases to hiccups, sneezing and 


athing. 


by the spasmodic contraction of the 
d serve no known functions but person 


a closure ofthe glottis. The forceful expiration that 


elids close 
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Multiple Choice Questions (MCQ 
s) 


rect answer. 


ct the cor 
double layered thin membrane that c 


Pleura is 4 

(a) Heart (b) Liver 

(c) Kidney j (d) Lungs 

Hemoglobin in man increases the oxygen carryin 

to about: 8 Capacity p 

(a) 75 times (b) 50 times eh, 
(c) 60 times (d) 100 times 

Plasma proteins are involved in the release of CO 

(a) 70% (by: 794 ee 

(c) 30% | (d) 20% 

Structure, which closes the passage to lungs when food i 
called: | 18 Coming i 
(a) Glottis (b) Epiglottis 
(c) Uvula (d) Pharynx 
Myoglobin Joses oxygen at: 
(a) 60mm Hg (b) 19.6 mm Hg 
(c) 90 mm Hg (d) 20 mm Hg 
Breathing is an example of: 
(a) Diffusion (b) Osmosis 

(d) Cellular Respiration 


(c) Ventilation 


The structure W try of food to wind pipe is called: 


hich prevents en 
(b) Epiglottis 


(a) Glottis 

(c) Tongue (d) Soft palate 

Which one of the following lacks cartilage? 

(a) Trachea (b) Bronchioles 
(d) Larynx 


(c) Bronchi 
The pleural fluid surround the: 


(a) Liver b , 
K 
oA Heart p à ay. 
a EAT of CO, carried in the form of bicarbonate is: 
(c) 70% (b) 60% 
(d) 65% 


36 
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ch molecule of myoglobin combin 

m z OA i a one molecule of: 

“ Nitro ‘His, š i 

In human, respiratory pigment i 1S: 
{2. Haemocyanin 

(a) (b) Haemoe 

rythri 

(c) Chlorocrurin Haemoglobin. 
The residual volume of air in human lung is 
(a) 2.5 liter (b) 5.0 liter 
(c) 1.5 liter 


(d) 3.0 liter 
Chemotherapy and radiotherapy may help in the tre 
(a) Flu (b) 
(c) Lung cancer (d) 
15, Mycobacterium tubercle causes: 
(a) Emphysema (b) 
(c) Pneumonia (d) 


atment of: 
Emphysema 
Asthma 


Sinusitis 

Pulmonary tuberculosis 
Fill in the blanks. 

|. Respiratory surface must be permeable, so that 
it. 

The pharynx is part of both the respiratory and 
The trachea divides into two primary 
Each lung contains about 35 millions............. 

About 97-98 % of O,is carried by the RBC as............. 

The chloride shift is also called ............ phenomenon. 
Sinusitis is an inflammation ofnasal............ 

Haemoglobin can carry ............ oxygen. 

akn ASSE media is an inflammation of middle ear. 

0. Mycoplasma cause lower respiratory infection named ............ ; 
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dowaens Skean system. 


‘trabeculae (singular: trabecula) 


16.1 Human Skeleton 

Human's skeleton is the main supportive framework of the body. It mainh 
includes bones and cartilages. The muscles are attached to the skeleton for the produci, fi 
ofeffective movements ofthe body. 
Skeletal tissues:- Skeletal tissues are bone or cartilage 
Bone:- Bonc is one-third of connective tissue. Itis impregnated with calcium salts 
The composition of bone tissue is different from other tissues in the body. Bone is a har 
tissue, provides support to the body, gives environment for the production of blood celj; 
and protects internal organs of the body. L/ 


16.1.1 Structure of Bone 

Bone tissues are of two types; compact (hard and dense) and cancellous (spi 
tissues. The outer part of bone is hard, called compact bone while the inner part 
called spongy bone. 
Compact bone 

Compact bone, also called cortical bone, is a hard white bone | 
surrounds all the bones in human body. The fundamental units ofcompact bone » | 
osteons or Haversian systems. Each osteon consists of concentric layers called lamellae 
(singular: lamella). In the centre of each osteon, central canal or Haversian canal 
communicates with the perforating canal (also called Volkmann's canal). 
transmits blood vessels from periosteum (a dense layer of vascular connective tsu 
enveloping the bone) into the endosteum (The thin layer of cells lining the medu 
cavity of a bone). 

The osteocytes are located in the small cavity called lacunae 
situated between the lamellae. Canaliculi are the microscopic channels that \ 


network which transport nutrients, to the osteocytes and also remove wastes from t! 
Spongy bone ws 
Spongy bone, also called cancellous or trabecular bone, is a porous and 


vascular bone. It is mostly located at the end of the long bones. Unlike con 
lacunae of spongy bone are found in a lattice- 


(singula! 


pact DONC 
like network of matrix spikes calle 
kaeh . The osteocytes of spongy bone are irregula $ 
within the trabeculae. The spaces between trabeculated networks make spongy > 
lighter and less dense than compact bone. The sp im 


aces in some spongy bones contain red 
bone marrow, where the blood cells are formed. (Fig. 16.1) 
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pe” l: Internal Structure of Bone 


j found in the cellular layer of 
| are undifferentiated cells and have ability to divide. 
nic cells develop into osteoblasts, 


lasts are involved in the fo 
re bone growth occurs. Thes 
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rmation of new bone. They are mostly found in 
e cells secrete collagen. 
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Fig.16.2: Types of Bone Cells 


EE 


in the matrix. When 
3. Osteoeytes are matured bones cells and are entrapped ir é When 


osteoblasts are surrounded by the matrix, they become “apd Nga help of 
secretion of enzymes, osteocytes maintain mineral concentration of the matrix. | 

4. Osteoelasts take part in bone resorption and breakdown processes. These cells are 
found at the sites of old, injured bone. Osteoclasts are multin 


from monocytes and macrophages. (Fig. 16.2) 


16.1.2. Cartilage A 


Cartilage is a connective tissue Chondrocyte 
compos-ed of cells called chondrocytes =" 4" 
and fibers embed-ed in a firm, gel like © =| = ™ 
matrix. It is much more elastic than bone. ` 
Cartilage is found in many areas of the 
body including joints, between the bones, 
e.g. the elbow, knees and ankles. 

The general features of cartilage 
include that it has no blood vessels or 
lymphatics. The nutrition of cells 
diffuses through the matrix. Cartilage 
has no nerves, it is therefore, insensitive. 
Cartilage is surrounded by a fibrous 
membrane called perichondrium, which 
is similar to periosteum in structure and 
function. When cartilage calcifies, the 
chondrocytes die and cartilage is replaced Matrix 


ucleated and are derived 


Penichopdrnum a 


bybonelike tissue. (Fig. 16.3) Fig. 16.3: Structure of Cartilage 
Table 16.1 The comparison between bone and Cartilage 


Bone 


Bone is hard. 

Cells of bone are called osteocytes. 
Matrix is inflexible. 

Matrix possesses calcium salts. 
Bone has rich blood supply. 

Bone marrow is present. 

It is vascular in nature. 

Outer covering is called periosteum. 
Provide skeletal support to the body. 


Cartilage 


i) 


Cartilage is soft. 
Cells of cartilage are called chondrocytes. 
Matrix is flexible. 

Calcium salts are not present. 

It does not have blood supply. 

Bone marrow is absent. 

Itisnon-vascular in nature. 

Outer covering is called perichondrium. 
Provide flexibility to the body. 
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Ligaments are short bands of 
tough fibrous connective 
tissue that function to connect 
one bone to another bone in 
the joint. 


Ball-and-socket 
joint 


Hinge joint 


‘ 
| Metacarpal f 
Saddle joint bone of thumb #7 Ñ 


Fig.16.11: Types of Joints 


i the articular surface of the bones are connected to each other by fibrous 
tissue, it is called fibrous joint. Fibrous connective tissue is a dense 


id . i \ 
collagen. These) includes joint betwecn q 


ive tissue consisting mainly O amples, een long bon, 
ie i they do not allow movata cket and joint between long bones. 
bones called sutures, joint between tooth an 
tibia and fibula. Fio 
Cartilaginous joints 

When the articular surface of the bo int, Th 
hyaline cartilage), it is called cartilaginous jo 2 
movable joints because they allow little STN 
costal cartilages that attach ribs to the sternum, 
disc and pubic symphysis. 
Synovialjoints ` 

Synovial joints are thé Muscle 
most mobile type of joints. In 
Synovial joints the articular 
Surfaces are covered with ists | 
hyaline cartilage. A joint 
cavity is present between the Bursa 
articular surfaces filled with Joint capsule 
synovial fluid. The joint and synovial lining 
cavity is lined by synovial 
Membrane which secretes Tendon 
synovial fluid. This Synovial 
fluid reduces the friction and 
lubricates the articular Fig.16:12: Synovial ) 
surfaces. Examples are hinge Ste ynOvlal Joins 
gom (elbow and knee joints), b eee M (hip and shoulder joints). gliding 
eee: esa Goines «i 
Carpometacarpal of the thumb), | “h saddle joint mee etween 


16.2 Disorders (Deformities) of Skeleton 

Disorder is a functional abnormality Or dis 
occur due to genetic diseases, hormonal mobemsandby vag tin o skeleton may 
16.2.1 Common Disorder ofS - 


keleton 
Some common Conditions that 


neddi affect | 
spondylosis, sciatica and arthritis, a 


is connected by cartilage (fibrocartilas, 
nes is conn se joints are also called sliohy, 
Byaline cartilage Is Seen in the 
tilage is seen in intervertebn] 


skeleta] System include slip disc 


= Lat W 4 
n ~ 
-a \ 
a 
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leg, Recovery from sciatic injury is usually 
Slow and incomplete. i i 
K Cae causes of sciatica include; j 
herniated disc, any injury to proxima 
sciatic nerve, spondylolisthesis (a 
condition in which one vertebra slips 
forward over another one), muscle spasm in 
the back or buttocks, improper adminis- 
tration of injection into the buttocks. The 
pregnant women have a great chance of 
getting a herniated disc and develop sciatica. 
Diabetes can also cause nerve damage. 


Arthritis 


joint. In this disease the joints become 


is decreased which leads to increase friction. Aa Fig. 16.14- Eiio, BF Sciatic Ne, 
An infection or injury to the joints, . in Leg 
abnormal metabolism and immune System 


inheritance such as in osteoarthritis. 


Chronic arthritis includes 
osteoarthritis, theumatoid arthritis and gouty 
arthritis. Osteoarthritis is the m 


any joint. It occurs when the joint Cartilage is 3 
degenerated. 


Rheumatoid arthritis iş the 
inflammation of hand i 


partial or complete break in e : TEE 
m < Continuity Of the bone, it is called 

So Ww aa ’ nl 
ccur ostly hen a bone S impac by Ore force than it ca! 


i 
| 462.5 First aid treatment for fractures 
First aid treatment is very useful for fractures as it prevents further injury and 
mote recovery. There are following first aid treatments for fractures. 
| I. Apply pressure to the injured area to control any bleeding. Pressure can be applied 
with the help of clean cloth or bandage. 
a Immobilize the injured area by providing support. This can prevent any further 


damage. 
3. Apply ice packs to the injured part. This will limit eT 
swelling and relives pain. Don't apply ice directly | \Inforn mation) 


to the skin, wrap the ice in a towel or cloth and | The largest muscle are body 
apply it to the injured area for up to 10 minutes. is gluteus maximum which 1s 
Z Keep checking the casualty for si f sh main extensor muscle of the 
n the a > ~ y — one i | hip. It supports the trunk and 
the p responsiveness, check his/her | maintain proper posture. 
i breathing rate and help patient get into a m 
comfortable position. 


16.3 Muscles 

The muscle is a contractile tissue found in animals. The primary function of 
sle is to produce movement. Besides movement muscles also hold body parts in 
al positions, movement of the body fluids and heat production. The study of 


Be There are over 640 muscles in the body of human which are divided into 


E ; 163.1 Types of Muscle 


muscles, m Ening that we can control them at will. They Citai control movement 


czy 


= 


` 82 
Bab O 


i 
| 


i h of 
‘vat the somatic branc 
eh as m with a rapid speed of 
ripheral nervous syste lein 

Ans Iso play a role 1 
contraction. Skeletal muscles a aLatat 

ture regulation, using de ; 
cing iated, meaning that its 

traction. They are striated, m 

i ith li d dark bands. They 
tissue is crossed with light an 
get fatigue easily. (Fig. 16.17a) 
Smooth Muscles i 

Smooth muscles are involuntary 
muscle tissue controlled by the automatic 
nervous system. They are located in all visceral 
organs (except heart) such as the stomach, 
intestines, bladder as well as our blood vessels. 
Smooth muscle contracts more slowly than 
skeletal and cardiac. The function of smooth 
muscle is to move substance through an organ or 
vessel. It does so by contracting in waves, 
known as peristalsis. The cells of these muscles 
are spindle shaped with a single nucleus 
located in the middle ofthe cell. They do not get 
fatigue. 


Cardiac Muscles 

They are located only in heart. They are 
involuntary muscles so controlled by autonomic 
nervous system. Like skeletal muscle, these 
muscle cells are also striated. In between its 
fibres are intermittent spaces, which contain 
connective tissues and many capillaries to 
ensure a constant supply of oxygen. The Cells 
are uninucleated and branched. Adjacent cells 
joint together to form branching fibres by 
specialized cell to cell attachment Called 
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Fig.16.17(c): C ardiac Muscle 
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| : The harc est working ‘muscle 
jin the body are cardiac. The 


heart pump about 2500 gallon 
of blood per day, | 
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internal organs and skin | 
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16.3.2 Structure of skeletal muscles 
| Each skeletal muscle is attached with two bones. 
| The end of skeletal muscle attached with immovable 

bone is called origin of muscle, while the other end of The smat hiies 
| skeletal muscle is attached with moveable bone is called | (stapedius) of the body lie in 
insertion of muscle. The muscle attaches with bone bya | the ear along with smallest 
connective tissue known as tendon. Within a typical |bone (Stapes), while the 
skeletal muscle is a bundle of long fibres running parallel | Sttongest muscle, based on its 
to the length of muscle. Each fibre is a single cell with | Weight, is the masseter, in the 
| multi nuclei (each nucleus is derived from one of the Y*™ 
embryonic cell). These embryonic cells fused to form the 
| muscle cell. Inside a muscle so omc 

cell lies a longitudinal bundle RE A Epimysium Bone 
= of myofibrils, which contain : 

the thin and thick filaments.  “"""'s 

Each thin filament mostly 

Consists of actin filaments. 

The thick filaments are called 

Myosin. The myofibrils are 


Extra. 
Information, 


mad eup ofrepeating sections ofgi 

Called sarcomeres, which 

ae the basic contractile gee 

Units of skeletal muscle Sarcolemma Blood Vesse! Tendon 
Theborders of the sarcomere Fig.16.18: Structure of Skeletal Muscle 
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, f light and dark bands (stri; 
Š in a pattern 0 -TINN } f 

line up in adjacent myofi-brils, capes skeletal muscles are called sti lated mus.) 
visible with light mic Thee (zwisch line means between), while thick p lam, 
hed with Z line ered in sarcomere. In relaxed sia , 


ed 
The thin filament attache i RA 
nts are anchored at M-lines (middle e e edge of sarcomeres there arc onj, |! 
[L-band (isotropic). The zone of sar, Ome, 


thick and thin filaments partially a ics 3 

filament and this portion basen called A-band (Anisotropic) i.e. complete |e, gth of 

in the center enim by actin filament. The middle portion where Only Myosin 

-aakit lanra hae a called H-Zone (Hele Zone means bright). This arrangeme,, i 
amen 


the key to how the sarcomere and whole muscle contract. 


Ultra-structure of Skeletal Muscles HER 

The sarcomere is the steuctices on ee es Muscles are built durin g sleep 
of muscle fibre (muscle cell). A muscle fibre 1 | | not in gym or during exercise 
cylindrical cell which contains all the parts of a typica! | Fm at this Be or. 
cell like plasma membrane (sarcolemma), cytoplasm lation and hor... 
(sarcoplasm), endoplasmic reticulum (sarcoplasmic | ies are released. 
retialum), mitochondria, nuclei, etc. f 

Under electron microscope, in the sarcomere two types of filaments are visible, 
Thick filaments are called myosin while thin filaments are called actin. 
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Fig. 16.19 Ultra Structure of Actin-myosin Filaments and Structure of Muscle Fibre 
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yosin filament 
. š otein 
Each filament co i 
i S s ii Seed — l ot hundreds ol molec ules of myosin proteip A 
J molecul ae č ago Í Ç lub “ ith r a 
=e . ; a tail formed of ty rtwined chi 
kb double lobular head p 2 VO intertwined chains 
and a d ean " . PR irom it at an angle. Half of the myosin heads 
gle 0 the lefi and half of them angle to the right, creating an area 


ee 


„middle of the filament know n as bare zone 


Each thick filament is 1Snm in 


=e Thin filaments me called actin filaments. An actin filament is about 7nm in 

| et and consists primarily of actin protein. There are two chains of actin protein 

cules twisted together, each actin filament also contains 40-60 molecules of 

pomyosin, the protein which block the active sites of thin filaments when the muscle 

is ela od Each tropomyosin molecule has a smaller calcium binding protein called 
sponin, is bound to it. (Fig. 16.19). 


6.3.3 Muscle contraction — sliding filament model 

= According to sliding filament theory of muscle contraction, the actual length of 

actir and myosin filament does not change but actin filaments slide over myosin 
laments. The actual trick is played by myosin filaments. This happens when myosin 


Myosin cross bridge attache 
the actin myofilonent 


ADP and Pi 
(lnorgam 
phosphate} 
released 


2, Working stroke-the myosin head pivots 
and bends as it pulls on the acim filament 
sliding it toward the M fine 


am j 
yosin head 
(low-energy 
yon} 


3. As new ATP att to the myosin head, 


Fig. 16.20: Sliding Filament Model 


heads attach with actin filament at the site of troponin protein. When these heads bend, 
these pull the actin filaments over the myosin filaments, This theory was proposed by Z. 
Huxley and A.F Huxley in 1954, During full muscle contraction the I-band and H-zone 
disappear and only dark zone i.e, A-band appears. During the sliding process the Z-lines 
come close together and as a result sarcomere shortens. ATP provides energy for muscle 
contraction, The sliding filament theory or model is universally accepted. (Fig. 16.20) 


Control of Cross Bridges and Role of Calcium lons 

Muscle contraction is initiated when nerve impulse arrives at the neuromuscular 
junction within the muscle fibre, the action potential spreads deep into the interior, 
following infolding of plasma membrane called transverse tubules (T-tubules). These 
make close contact with the sarcoplasmic reticulum (SR). As the action potential spreads 
along the T-tubules, it triggers changes in SR, opening Ca” channels. Calcium ions 
stored in the SR flow through open channels into the cytosol and bind to the troponin 
protein and cause them to slightly move. As a result, tropomyosin diphase and expose the 
binding site for myosin head. Once the myosin head attaches with actin filament, ATP is 
hydrolysed to adenosine diphosphate (ADP) and inorganic phosphate (Pi) and the cross 
bridges are broken down, The formation and break down of cross bridges occur again and 
again and movement of muscle occurs. 
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All animals show some common characteristics, one of these is to produce 

a © stimuli (j.e. any internal and external change). The activities of different 

“dy parts in response to the stimuli must be coordinated. The coordination makes 

7 i i e the integration of functions essential to animal behav ior. It is must for animals 

ai vive. In human and most animals there are two types of coordination, i.e. 

nervous coordination and endocrine coordination. This unit deals with only nervous 
soordinatior in 1. 


17.1 Nervous System of Man 
The study of nervous system is known as neurology. The working of different 


body parts with cooperation to each other and under the control of coordinator (Brain, 


spinal cord or ganglia) is called coordination. 
body that provides coordination through electric signal among 


: ing the response to a particular stimulus 1s called nervous 
The most developed, advanced and evolved nervous system among all 


Steps Involved in Nervous Coordination 
ervot s coordination involves highly specialized cells k 
connected together or via centralized nervous system 
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nown as neurons, which 
to form a network that is 


EN. 


and higher animals consists of three basic elements. 
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: which receive stimuli and giy, 
Receptors are cells, tissues or orge i 
e a 
° timpulses to cer 
to sensory neurons nerate and conduc O cent; 
neuron has the capacity 10 B , ion takes place and pass res ante vi 
i «The a J analysis of information taxes p PASS Tesponse, , U 
where processing / analys et 
system e 
effectors. ells, tissues, muscles and glands whic] 
structures such as Cells, l Carr 
i Effectors J\ 
action or make responses. 
ucers 
12 tors or Transd 
17.1 eoira tissues, cells or nerve endings that detect changes ( 


in the external or internal environment of an animal (e.g. Human). These stim 


transmitted to the brain or spinal cord through sensory neurons. 


Classification of Receptors on the Basis of Stimuli 
Receptors are classified into following five types. 3 

. Chemoreceptors, which detect the concentration of certain chemicals or ions, 

e.g. CO, level in the blood by medulla of brain, O, level by carotid body. The 

chemoreceptors for blood glucose, amino acids, fatty acids are located in the 

hypothalamus of brain, smell (olfaction) in the nasal epithelium, taste (gustation) 

found in tongue and osmoreceptor (detect osmotic pressure of blood) in hypothalamus. 

. wiechanoreceptors, which detect stimuli of pressure, body position or 

acceleration, include Meissner's corpuscles in skin for touch, Pacinian's corpuscles 

also in skin, baroreceptors in blood vessel for pressure and stretch also in, ear for 

hearing and equilibrium. 

. Thermoreceptors are mostly located in the skin to detect change in temperature 

(cold/warmth). 

5 Nociceptors are pain receptors widely distributed in the skin and other internal 
organs which detect damage to body tissues. 


° Photoreceptors or electromagnetic receptors, detect light stimuli, such as rods 
and cone cells in the retina ofour eyes. 


di 


al Ne 


Stimuli 
uli then 


17.1.3 Processing/Analysis of Information 

All types of sensory inputs from various receptors are conveyed to coordinator i.€. 
brain and spinal cord by sensory neurons. The information collected by them is processed 
and analysed, for a suitable response by special types of neurons known as inter OF 
associated or relay neurons. 


17.1.4 Effectors 


Effectors respond to stimuli by impulse coming via motor neuron, such as 


— <= +." are. 


jes and glands. The glands secrete some types of chemicals while muscles respond 
pycontractiNg, 
Stimulus Receptor Sensory neuron Inter neuron ( 
p72, Neurons 
Neurons are the chief structural and functional units of nervous system. In 


ition to neurons, nervous system contains neuroglial cells, which nourish the neurons 
andalso protect the neurons by myelin sheath. 


NS) Motor neuron Effector 


17.2.1 Structure of Neuron — 
: A typical neuron consists of three basic Interesting f 
components, ie. cell body, axon and dendrites. The cell | Information A 
pody or soma or cyton or perikaryon of neuron |Nervous system also cont-ains 
contain, nucleus and various cellular organelles except |2900 >77 of neuro-glial 
centrioles. The neuron cell body contains a mass of “———— ‘ ck 
ular cytoplasm and enclosed by cell membrane (neurilemma). The nucleus is 
centrally placed. The cell body contains a group of ribosomes associated with rough 
endoplasmic reticulum and Golgi bodies known as Nissl's granules (these help in 
protein synthesis and acetyl-choline forming enzyme) These granules are absent in axon 
and Dendron. (Fig.17.1) 

The cell body of indai 
neuron is surrounded by 
cytoplasmic fibres, which are 
of two main types, i.e. axon 
and dendrites. 

Axons are cytoplas- 
mic process that conduct 
impulses away from cell body. 
Each axon is a usually thick 
long fibre (few mms to more Nucleus 
nia a meter in length) with a ii Fig. 17.1: A Typical Neuron 
constant diameter. The cytopl- 
asm of the axon is called axoplasm and cell membrane is called axolemma. Each axon 
ermi by branching to form small extension with knob like ending to cell 
¢ terminal. The neuroglia or glial cells that nourish, protect and support the 
ripheral nervous system these cells are known as Schwann cells, which 


/repeatedly wrapping it. 


Cytoplasm and 
cell body Axon Terminal 


Node of 


Ranvier 
Neurilemma 


Axolemma 
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These cells are also covered by a pugna 
known as myelin sheath, is = Perey sessile’ 
axons are called myelinated fibres. 
sea of axon s called node of Ranvier, ee 
between Schwann cells. The impulses jump from no 
Ranvier to node of Ranvier, which are known 

i Ises. 
pared abo are also cytoplasmic extensions that 
carry impulses towards the cell body. If they are single, O 
then called Dendron. They are thin, short and mostly O a 
gradually tapered from the base to their tips. The gap between ron 
and axon terminals of another neuron is called synapse. 


17.2.2 Types of Neurons i B 

On ihe basis of functions, the neurons are of three types, I.e. SemSOTy Neurons, inte: 
neurons and motor neurons. oe 
i) Sensory Neurons conduct impulses form receptors to central ean E mai 
These are unipolar because only one fibre originating from cell y ame 
immediately gives rise to two branches, one towards receptor and other towards Eea 
nervous system. Both fibres are structurally axon like except their terminal "haggis 
differ that is one is like dendrites and other is like axon. One (axon) carries impulse 
towards cell body while other (Dendron) away from cell body. Majority of sensor, 


Axon termina Axon terminal 


Multipolar Neuron Bipolar Neuron 


Unipolar e i } 
a AT 


Fig.17.2: Multipolar, Bipolar and Unipolar Neurons 
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„ unipolar but some are bipolar. 
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ye ; ONS are f speciz 
sof spinal cord. (Fig. 17.2) © found specially in 
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: Fig. 17,3; Three types of Neurons 
e or Interneurons are found only in the brain and spinal cord. These 
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from sensory neurons to motor neurons. They also convey messages 


parts of the CNS. Inter neurons are mostly multipolar because many 
cell body. Their axon is thin and non-myelinated, while many dendrites 


ons conduct impulses from CNS to effectors. These are multipolar 
ll body contains many branched dendrites and a single long axon runs 
17.3) 
n-Myelinated Neurons a a T 
ons (Nerve fibres) are coveredby | Myelinated xeurons” | 
yelin sheath (axons) whereas non- mpulse jump from node 
do not have a myelin sheath | 9fRanvier to node of Ranvier. 
4 ; This is called saltatory 
bodies). In myelinated neurons | impulse. Nerve impulse is 20 
are faster than non-myelinated (times faster in myelinated 
ns are non-myelinated while motor 


neuron than non-myelinated | 
ive myelinated portion. neuron. , 


: ‘ Mmaa, f 
. e or stimuli. The pat èdi: 
response to external or internal environmental ie Bo action Sh te 
i flex travel is called reflex arc. The direc Mm rec. YY 
which a reflex n and then through motor neuron to the eff Oth 


sensory neuron to CNS to inter neuro rtion of brain, therefore, the toy, 
Reflexes have no involvement of conscious po ; Tespon, 


i `È ig 
quick than the conscious pathway. (Fig. 17.4) ; 
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euron then to effectors i.e. muscles whi es them to 
contract. (Fig.17.4) which caus 


17.3 Nerve Impulse 


| Nerve impulse is the information about a 
stimulus that is transmitted from receptors to CNS and 
from CNS to the effectors. It is a wave of electrochemical 
change which runs along the length of the neuron, 
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\ defor Manon 


Refractory period lasts for 
about four millise-conds so as 
a neuron can conduct 250 
impulses per second. 


peo. Tae eee 


chemical reactions and movement of ions across the neurilemma. The 


| ent of the capacity to do electrical work is known as electric potential. It 
t Ee ants 3 type of stored energy produces during separation of charge through a barrier. 


es are positive or negative, which act as separating barrier in the plasma 
"to pe DE neuron (Neurilemma). 
— o o o TA 
ft is an instrument with a screen which display 
in the voltage on both side of plasma membrane om j 
ange k i : 2 7 A r E E EE | 
a on with time. The electric potential which exists |), human, SERS Ae Reed 
0 qa cell membrane 1s known as membr ane |offlow of impulse in neuron is 
egal. The membrane potential is either resting about 100-120m/ second. 


een potential (RMP) or action membrane 
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1 Resting Membrane Potential 


ite A typical neuron at rest or non-conducting neuron is called resting membrane 
tential. In this case a typical neuron is more positive electrically outside than inside the 
sma membrane while inside is more negative as compared to outside the plasma 


| membrane. Itmeasures about— 70 millivolts (- 0.07 volt). 


Fig. 17.5; Resting Membrane Potential (RMP 


Factors Involved in Resting Membrane Potential (RMP) 
È Major factors that are involved in RMP are: 


ere are many kinds of ions which are present inside and outside the plasma 


dium (Na’) and potassium (K ) ; 
‘| 


is SO 
st important 1S ve Ine 
avian a outside than inside the memp. 
an, 


higher con) entration inside than outside the 
whereas potassi" brane of all the nerve cells possesses sodium and potassium Pump, 
membrane. The mem ré “ih the help of energy (ATP) against their concentratio, 
to transport these ions WI" ‘um that are actively transported inside the membran, 

dients. For every two potass! t. Thus inside become more negative (70 mV) than the 


um ions are pumped ou ee ie 
three as plasma membrane of nerve cell, which is more positive electrically tha, 
outside O 


inside the membrane. 


membrane of neurons but 
are tenfold 
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x ium ions are thirty 


ation Inside and Outside of Resting Neuron 
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Table 17.1: Jonic Concent 


Inside Outside 
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Negative ions 


Negative Organic Ions 

Many types of large negative organic compounds are present in the both sides of 
plasma membrane of neurons. These organic ions include some proteins, amino acids, 
RNA, SO,, PO,, etc. These negative ions are much more inside the membrane than 


outside (outside Cl ions are present) where they are only in negligible concentration. 
Thus inside is more negative than outside.(Fig.17.6) 
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Fig. 17.6: Depolarized Region and Saltatory Impulse 


Channel Proteins (Gates) in Plasma Membrane of Neurons 
The plasma membrane is virtually impermeable to all ions except potassium ions. 


— permeable to potassium, so it leaks out of the neuron by diffusion. That is 
iS de becomes more negative than outside of the plasma membrane of neuron. Thus 
ducting neuron is in polarized state (i.e. RMP — 0.07 volts or 70 mV). The 
embrane potential (RMP) will be maintained in undisturbed membrane. If it is 


or stimulated by asufficient stimulus known as threshold, then action potential 


ogr 
= 
T 
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jon Membrane Potential (AMP) (Depolarized State) 
stion/active membrane potential, inside of neuron become more positive and 
me more negative. It is called depolarized state, which happen when 
stimulus receives, the positive charge sodium ion tends to move inside of the 
electrochemical change is so brief (about one millisecond) that only a 
euron (i.e. one node of Ranvier to another node of Ranvier) is in the action 
ential state followed by the recovery of polarized state, thus impulses flow 
"Ranvier another to node of Ranvier. 


ility of a stimulus to bring electrochemical charge on neuron or to excite 
uate stimulus (about — 50 to -55 mV electric 


Action potential 


K` ions out 


- membrane 


“ 
$ 
Jariza on. : 3 “POs: | 
; S brane iS called dep? millisecond till the Na Bates, tiy 
across two sides of mem tside lasts for about ae Interesting =e 
inside and electronegative o Information 
closed. l “may 
, tial, called the spike 
k of action potential, Wy 
After the pea * decreases, and no 
potential, the permeability of Na oof K’ gates 
become more permeable for K by open oytoplasm to 
thus K* rapidly diffuses out- from ad and The 
extracellular fluid. The sodium gate cod Gnside. 
neuron get iia ongema a aM electro positive). Infact, there is a sligh 
tive and outside gs ial. This ic g 
pos ae ooo negative potential than original resting potential. This is know Pe 


i ing ofall K” gates compared., 
hyperpolarized state. It is due to the slight delay ın closing © 8 pared with 


Na’ gates. (Fig.17.7) 
Refractory Period (Resting State) 

It is a period when after an Nat | N i 
action potential, nerve fibre K S K i 
undergoes a period of recovery, 1n K 


Na* Nat Na Nd 
which it regain the original ionic ff 
distribution and polarity, thus | be 

K + 

K* K 


prepare itself for the next 


stimulation. The original ionic EN kK 
distribution is restored by a sodium Ne to ae 8 
— potassium exchange pump which ses 
actively transport Na’ ions out and K* K 

K” ions in the neuron. This return Fig. 17.8: Refractory Period of Neuron 


the membrane to its resting potential 
i.e. from+50 mV to—70 mV. 


The resting membrane potential (RMP) will be maintained in undisturbed 


membrane. If it is disturbed or stimulated by a sufficient stimulus known 
then action potential will occur. (Fig. 1 7.8) 


17.3.3 The role of Local Circuits in 
Impulse 

Saltatory conductian is the propagation of acti 

from node to node. The “local circuits” ex 

transmitted along the neuron. Basically anac 


“aon potential along myleinated axo 
plain how the action potential (AP) ! 


as threshold 


Saltatory Conduction of Nerve 


n 


S 


tion potential at a point in the axon, develops 


ATE «k ‘ point are sti : 
‘ase they are still in the < resting potential forma ill neg 
peoaus -i 


, ). The sodium ions 
AP are then attracted to these negatively charged regions, hence Eh ny mee T 
af a” at those regions. This circuit then opens the sodium channels at T a local 
‘dium ions flow in and the whole AP circle continues, hence the Ap = pela 
iii ng the 


11.4. Synapse . 
= There is no cytoplasmic connection between Successive neurons, however 
—alses are transmitted and this transmission occur at synapse. Synapses are 
gaps are between axon terminal of 
neneuron and dendrites ofanother neuron. (Fig.17.9) 
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Fig. 17.9: Synapse 


_A single neuron may form synapses with many incoming fibres of different 
Neurons, The gaps between successive neurons are cleave-shaped thus called synaptic l 
on carries information (impulse towards a synaptic cleft known as 
* ‘smitting neuron or presynaptic neuron while a neuron which gets the impulse 
ftom synaptic cleft, is called post synaptic neuron or receiving neuron. The axon 
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= S a 


> 


ded endings called knobs which cop, 
les, Each vesicle contain as many as | = 
cles. nsmitter substance. The dendrit, 
i VÁNA of impulse across the synaps, 


terminals ofeach presynaptic neuron aban 
many spherical sacs, known as synap ae 
molecules of chemical messengers, the n 
post synaptic neuron lacks these vesicles. 
called synaptic transmission. 


HS of Mechanism of Synaptic Transmission FAPA 


da i mation 


When action potential 
reaches the axon termi- 
nal, it is received by 
synaptic knob. The 
calcium channels, pres- 
ent in the presynaptic 
membrane open and 
calcium from synaptic 
cleft transfer into the 
knob. Thus Ca™ concen- 
tration increases, the 
synaptic vesicles move 
towards the pre- synaptic 
membrane. 

2.. The vesicles containing 
neurotransmitter fuse 
with presynaptic memb- 
rane and release their 


Axon of i 
transmitting 
neuron 


Receiving 
neuron 


z Transmitting neuron 
neurotransmitters mol- i 
: i 2. Vesicle 
ecules into the synaptic fusses with 
Jef plasma 
cleft. i Ai 
3. The neurotransmitter ai 
diffuses across the ‘bea 
synaptic cleft and bind ~ 5 
to receptor molecules on 
postsynaptic membrane. Syna ptic cleft 
4, La 


The receptor of post 
synaptic membrane, 
opens some channels 
and allow sodium ions to J RSMECCIVING new i 
diffuse across the Fig. 17.10: Steps of Synaptic Transmission 
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ma a i p 
Ion cha ane: So 


ostsynaptic membrane. As a result post synaptic membrane depolarizes i.e. 
j- (inside + outside -) and action potential is generated. Since this depolarization 
brings the membrane potential towards threshold level, it is called Excitatory 
g ostsynaptic pot-ential (EPSP). 

: A er the activation of post synaptic membrane, the AAi are 
a immediately broken down by enzymes (like acetylcholinesterase for 


P acetylcholine and monoamine oxidases for adrenaline). (Fig.17.10) 


1 Classification of Neurotransmitters 
i There are two major classes of neurotransmitters. 


__gxcitatory Newrotransmitters Interesting | 


Information j) 
There are two types of 


I hese initiate nerve impulses, cause increased 
permeability to sodium ions. They may be 
ne for peripheral nervous system, biogenic etrteal: synapses 
ved from amino acids) for central nervous 


ak for heart beat rate during stress; serotonin 
une affect mood, sleep, attention and 


lecrease membrane permeability to Na’ 
sult to raise threshold of stimulus. Thus the 
? does not trigger or lessens, to adjoining 


: ‘ae pain reception and act both as 
rs and hormones. 


iman Nervous System 

and most animals (except coelenterates and Echinoderms) have 
‘ous system. Human nervous system is most advanced and also possess 
es, i.e. enable us to convey our complex ideas, information and 
form of language, make and use various tools, preserve information (in 

, great learning, memory storage capacities, ete. 

ous systems consist of two primary divisions, the central nervous 
pheral nervous system (PNS). (Flow chart 1) 
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Flow Chart.1: Classification of Human Nervous System — 


17.5.1 Architecture of Brain and Spinal Cord and their functions 
Central Nervous System of Human (CNS) esting 

It consists of brain and spinal cord, act as mation 
coordinating centre, these lies in the skull (Brain) and 
above the vertebral column (spinal cord) i.e. in midline 


of the body. 
CNS is hollow and fluid filled. The brain has four 


cavities called ventricles while the cavity of spinal cord 
is known as central canal. The fluid in these cavities 
named as cerebrospinal fluid (CSF) (similar to blood 
plasma) act as cushion and bathes the neurons of CNS. 


Protection of Central Nervous system 
The brain is protected by bony cranium of skull 


while spinal cord is protected by vertebrae of vertebral 
column. Both brain and spinal cord are also covered by 
three membranes, collectively known as meninges 
(singular; meninx), the outer hard Dura matter (next to 
| cranium), inner pia matter, next to brain and spinal cord 

and middle arachnoid matter. The cerebrospinal fluid is 


present between the piamatter and arachnoid matter. 
es 
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a . 
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Skull 


grain qhe brain of human can be 
brain, mid brain Frontal lobe ( 


/ 


nated into foret 
nd prain. (Fig: eed) 


Thalamus 


rain 
fore Bi ebrain has two sub- Hypothalamus 


‘visio; telencephalon (cereb- oie 

. Pituitary 

yoo and diencephalon sek 

alas and limbic system). Pons Medulla 
’ s Me € 

( e cerebrum of human 1S oblongata Spinal 


Midbrain 
imal cord 
jargest among all other oe : 4 Fig. 17.11; C.S. of Brain of Man 
ore than palfof the brain). It1s 
7 into two cerebral hemispheres, which are 
ected together by a band of axons known as corpus- 
callosum. It carries memory available on one side ofthe | There are convolutions 
ain to the other side. Cerebrum contains four lobes, | (groove) called gyri which are 
frontal, parietal, temporal and occipital lobe. The left | seenon outer part of cerebrum 
cerebral hemis-phere controls the right side of the body (cerebral cortex). The deep 


E trols left si grooves are called fissure 
while right cerebral hemisphere controls le side of the Bey. e oves are 


body. Functionally, cerebrum consist of sensory area, | called sulcus. These grooves 
(receive impulses from receptors), motor area (give | greatly increase the surface 
ponses) and associated area (interprets or analyses | area of cerebrum. A longi- 
theincoming information) cerebrum act as control centre tudinal fissure is present 
sight, smell, taste, speech and hearing. Italso controls T AS ae parts of 
voluntary movements, thinking, learning, conscious == 
sensations, judgment, reasoning, decision-making, dreams, 
intelligence, analysis and interpretation of memory. 

Although the motor sensory and associated areas are located in all parts of 
cerebrum, however motor areas are more abundant in frontal lobe. The associated areas 
are most occupy the anterior of frontal lobe and wide spread in lateral portion of parietal, 
temporal and occipital lobes. 

Diencephalon (Thalamus and limbic system): Thalamus lies below the 
cerebrum, act as relay centre and carries sensory impulse to the cerebrum and limbic 
system. Thalamus receives all sensory impulses (except sense of smell). 

Limbic System | 
This system is located in an arc just under cerebrum. The limbic system consists of 
hypothalamus, amygdala, hippocampus and some part of cerebrum. 
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ulating body tempera aioa: 

othe hunger, sexual response and fight or t16 

Amygdalae are two almon 


tral side of thalamus. It is both Nen 


d endocrine centre. | ng | 
intain homeostasis and contains Cent. 
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Ak, 


e masses of neurons on either Side ? 
d shap sexual arousal when stimula, | 
Sq 


i re, 
thalamus. It produces sensation of pleasu | 
punishment, love, hate, fear and rage. cary dal, » 


Hippocampus consists of two horns A oR 
important role in the formation of long term an 


learning. 
Mid Brain 3 

In human this portion 
of brain is reduced. It contains 
auditory relay centre and 
centre that control reflex 
movement of eyes also 
contains auditory reflex 
centre. Mid brain contains 
reticular formation, which is a 
relay centre connecting fore 
brain with hind brain and is 
very important in screening 
the input information before 
they reach higher brain 
centres. (Fig. 17.12) 
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Skull Third ventricle 
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Hind brain includes the pons, cerebellum and medulla. 
Pons is a group of neuron, located above the medulla; act as a bridge between 


cerebellum, medulla and cerebrum. 


Itis involved in rate and pattern of breathing, sleep and wakefulness, 


| 


| 


medulla is last part of brain but in evolutionary point of view, it developed first. It 
several automatic functions, such as heart beat rate, blood pressure, breathing 
S$ 7] 
tt? 
——— sther witi F 
5 The mid brain, together with pons and medulla know as brain stem, which 
athe life. 


p esof Brain ; 
yen uman brain possesses four ventricles or cavities, which are filled with 


spinal fluid. The first and second ventricles are present between limbic system 
eb known as lateral ventricles. Another ventricle is present between limbic 
and 0° amus called third ventricle while fourth ventricle is present in medulla. 


and thal 
syste < a tube between third and fourth ventricle known as iter or cerebral aqueduct, 
je a pening between lateral ventricles and third ventricle is called intra ventricular 
ile 
W E 
paramen: (Fig.17.13) 
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Fig. 17.13: Ventricles of the Brain 
17.5.2 Spinal Cord 
Medulla narrows down into the spinal cord. It is TPIT r 
l \i nteresting | 


an elongated, hollow fluid filled and cylindrical Information _) 
structure, extends from the foramen magnum (aholein |{ocal anaesthesia is given at 
the bottom of skull) lying in the neural canal of vertebral | fourth lumbar, so as to protect 
column (up to 3" lumbar vertebrae). In a cross \the spinal cord. 
section of spinal cord exhibits inner butterfly shaped 
grey matter while peripheral white matter. There is a 
tiny central canal in the centre of grey matter, filled with CSF around the central canal is 
asingle layer of cells called ependymal layer. 

The grey matter consists of non-myelinated portion ¿.e. mostly cell bodies of 


neuron while white matter is cO 
Spinal cord controls reflexes below the neck T 
from the different part of the bodies and brain. 


(Fig.17.14) 
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Fig. 17.14: C.S. of Spinal Cord 


17.5.3 Architecture of Human Brain and compare its sectional view 


with that of spinal cord 


Both brain and spinal cord are made of white and grey matter. The difference is in 
brain grey matter mostly lies outside (Cerebral cortex) and white matter lies insi 
(Cerebral medulla) while spinal cord grey matter lies inside look like butterfly shape 


white matter lies outside . (Fig.17.14) ba 
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Fig. 17.15: Cross Section view of Brain and Spinal Cord 
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ipheral Nervous System 

> system of nerves and ganglia, The nerves are cables of bundles of nerve 
dendron fibres) while ganglion is the concentration of cell bodies ot 
in peripheral nervous system, Nerves may be sensory nerves (contains 
5), Motor nerves (contain motor neurons) and mixed nerves (contains 
motor nerves). There are two types of nerves on the basis of their origin 
ves and cranial nerves. 

ves 

an thirty-one pairs spinal nerves, all are mixed. Each serves those regions 
yhere it is located, Cervical, 8; Thoracic, 12; Lumber, 05; sacral, 05; 
< Each nerve has a dorsal root, contains sensory fibres and ventral root 
fibres. Both of these roots join just before a spinal nerve leave the 


ves are also called cerebral nerves. There are 12 pairs of cranial nerves 
r lead to the brain. The cerebral nerves functionally may be sensory (three 
otor (five pairs, II, IV, VI, XI, XIT) and mixed in nature ( four pair V, VII, 
e are mostly concerned with head, neck and facial regions of the body, 
| nerves, named vagus have branches to the pharynx, larynx and most 


| nervous system functionally subdivided into the somatic and 
om 


| tem (SNS) 
n controls voluntary movements which are consciously 
-eletal muscles except reflex action of skeletal muscles. 


System (ANS) 


controls involuntary responses (automatic and subconscious), 
y neurons and motor neurons that runs between central nervous 
era like lungs, heart and glands. Autonomic nervous system also 
of cardiac and smooth muscles. 

s of autonomic nervous system are divided into sympathetic 
ympathetic nervous. The differences between these two system 
ple 17.1. (Fig.17.16) 


Differences between Sympathetic and Parasympathetic Nervous System 


Swapatheti Nervous System an 


lt prepares the body for emergency | 
| Situations and associated with “flight and 


| flight”, Increase metabolism to avoid 
danger. 


Parasympathetic Nervous System 


e It promotes all internal responses which, 
concerned with the rest situation . 

maintain body homeostasis, ie. re 

body functions to normal position. 
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° Accelerates the heart beat from set point, |e Retards heart beat that is maintain at 
oe BP, point and lowering of BP. 

je Dilates Pupils e Contracts Pupils. 

e Inhibits digestion of food e Increases digestion of food. 

è Most pregan 
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ımmediately terminate in 
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and almost 


postganglionic short. 


Brain activity 
decrease 
Metabolic rate 
decrease 


Stimulates h _ 
flow of saliva Ganglion] @ 
i A e 
Slows Medulla oblongata 
heartbeat 


Constricts 


Vagus 
bronchi 


erve 


Stimulates 
peristalsis 
and secretion 


| 


Stimulates 
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e A few cranial nerves, including the vagus| 
nerve, together with fibres ‘that arise from, 
the sacral (bottom) portion of the spinal 


ganglia that lie near the spinal cord. cord. 
e Preganglionic fibres are short and|e Preganglionic fibres are long and 
postganglionic long. 
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cture and Functioning of Receptors of Smell, Taste, Touch 
or Olfactory Receptors 
ich are stimulated by chemicals 
1) ptors, whic ychemicals 0 
Demi or olfactory receptors. In human it is { \ Piae À 


oped or important as visi p O | 
we" jg much develop 2 vsom and i ere are about 1,000) 


ae Although m most predators sense of smell is | different types of receptor | 
and important to detect preys. These | protein on receptor neurons, | 


v 
igl E located in the upper part ofthe nasal cavity, |each is sensitive to different | 
goer. neurons. The neurons are surrounded odors. J 
„hich A columnar epithelial cells. Chemicals that 


by te the olfactory receptors enter the nasal cavity as gases, which dissolve in 
sum uids that surround the cilia before they can be detected. The axons of neurons 
aa the smell impulses to the olfactory bulb of fore brain for appropriate responses. 


Smell signal Smell and taste cente 


fig!1. 17) 
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Fig. 17.17: Olfactory and Gustatory Receptors 


2) Taste Receptors (Gustation) 


*S€ receptors are located on the throat and mouth especially in the upper surface 
SER . W5 


s enaa as many raised structure ne 
E: e or taste buds. Each taste bud has a 
ee head which ae the mouth contact 

vce of receptor cells. 

” ag BS Sars of taste buds which 
perceived tastes, all are combination of four 
primary sensations; sweet (elicited by sucrose, 
glucose and other simple sugars), sour (acids), 
salty (NaCl and other salts) and bitter 
(alkaloids and other potentially toxic plant 
substances). (Fig.17.18) 

3) Touch (Tactile Receptor) 

There are two touch receptors (also called 
mechanoreceptors) disc-shaped dendrite 
endings called Merkel's disc and egg shaped 
receptors called Meissner's corpuscles’. (the 


word corpuscle mean “Little body”). 
(Fig.17.19) 


Fig. 17.19. T.S Skin 


Fig, 17.18: Four Receptor on 


the Tongue 


Ruffini 


endings 
Pressure) 


poth these perersors are yadely distributed in the skin but are most numerous in 
„ds (fir ger tips), feet, and eyelids, tip of the tongue, lips, nipples, clitoris and tip of 
i ap jn addition, free nerve endings wrap around the roots of hairs, detect stimulus 


aon | 


4 ran insects that moves body hair. 


rhe! , are three types of pain receptors, i.e. cutaneous (skin), somatic (Joints and 
s), and vis eral (all body organs except brain). These receptors are naked dendrites 


fini ending and for cold Krause end bulbs). 


17.6 Effects of Drugs on Nervous Coordination 
Broadly speaking, a drug is a substance introduced into the body to provoke a 


cific’ hysiological response. Some drugs help a person cope with illness or emotional 
stress. Other act on the brain, artificially fanning pleasure associated with sex and other 
elf-orafting behaviors. Many drugs are habit-forming. Habituation and tolerance are 


arcotic is a group of substances, bind to certain pain killing sites in the brain 
thus stop the perception of brain. Their constant use blocks the production of endorphin 
(natural pain killer hormone secreted from anterior pituitary gland). Thus narcotic acts as 


ent which interacts with the normal nervous activity. 
he side effect of narcotics is change in mood, drowsiness, nausea, vomiting, 


phoria (an exaggerated feeling of wellbeing), etc. Some common narcotic drugs are 


Introduction 

Nervous system is not capable to innervate all the cells of the body thus another 
coordinating system is needed. Endocrine system fulfils this gap by chemical 
coordination. 

A hormone is a “chemical messenger”, secreted by an endocrine gland. 
Traditionally hormones have been described by scientists as the chemical products travel 
within the bloodstream to all parts of the body, causing an effect on specific cells or target 


ans. It also affects exocrine glands or individual cell or tissue that secrete chemical 
- qubstances. The glands that secrete hormones, pour directly into the blood stream are 
called endocrine glands or ductless glands. The glands which secrete other substances 
h as digestive enzymes, milk, sweat, bile and route their secretions to specific 
pstinations by means of ducts are called exocrine glands or ducted glands. 


{8.1 Hormones- The Chemical Messengers 
path of chemical message (Hormone) 

Hormones are “chemical messengers”, secreted by cells that affect other cells. 
Hormones that travel within the.blood stream and affect cells in another part of the body 
are known as “endocrine hormones”. While those hormones that do not travel within the 
blood stream but only affect cells lying near the secretary cells are known as “local 
hormones” e.g., Serotonin, prostaglandin, gastrointestinal hormones etc. 

Role of Hormones 

Hormones are small soluble organic molecules which are effective in low 

concentration and affect at a site where specific receptors are present therefore, hormone 


is either increase or decrease or modify the secretion of other glands. They also increase 
or decrease a body structure. 


18.1.1 Chemical Nature of Hormones | = 


ty 


Chemically, there are three basic types of ney) ake hormono hke 
hormones, which are: emical messengers but 
l. Steroid 1 d outside they body. 
A Amino acids or their derivatives, proteins and ti 


ication among 


glycoproteins. 

3. Fewbelongto the fatty acids e.g., prostaglandin 

Steroid hormones are derivatives of cholesterol 
and secreted by cortex of adrenal gland (cortisol and 

aldosterone), testes (androgen), ovaries and placenta 
(estrogen and progesterone). 

Amino acid derivatives are of two groups. The epinephrine and nor-epinephrine 
are secreted from adrenal gland, thyroxin and tri-iodothyronine (T,), secreted by thyroid 
glands. All these are derivatives of tyrosine amino acid. 

Polypeptide hormones are oxytocin, 
vasopressin, adrenocorticotrophic hormone, calcitonin, 
parathormone, melanocyte stimulating hormones. 

Proteinaceous Hormones include somatoto- 
phic hormone, (STH) and insulin. 
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18.1.2 Mode of Hormone Action 
There are two modes of action of hormones. 
1, 


Fixed Membrane Receptor Mechanism 


The peptide and protein 
hormones cannot pass through cell's 
plasma membrane because they are 
water soluble. Thus attached with 
the receptors on the plasma 


membrane of target cell and then 
Start a series of 


Steps in the cell, 
Adenylate Cyclase is an enzyme of 
plasma membrane, which involved 
in ATP meta-bolism aS Catalyst, the 
transfo-rmation of ATP into second 
messenger, the Cyclic Adenosine 
Monophosphate (cAMP). 

The cAMP triggers various 
changes in the cell including 

activation of enzym e 


es, gene 
activation (another term u 


se to 
describe this entire process is called 


signal transduction). (Fig.18.1) 
A 


(Gene/signal Modulation) 

The steroid and amino acid 
derivative hormones can easily pass 
through plasma membrane because 
both are lipid soluble. Their 
receptors are placed inside target 
cells i.e., either in cytoplasm or 
nucleus. These together with target 
receptors form hormone-receptor 
complex, which then travel to the 
particular gene, acting as transcrip- 


Mobile Receptor Mechanism 
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Fig. 18.1: Action of Non-steroid Hormone 
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{crion of Sterald Hormone 


” get gene is transcribed into messenger RNA then it is translated into 

P in fe om rotein) in oo Thus the activities of target cells are modified by the 

pT epg expression: (Fig.18.2) 

i crine Glands (S ) 

8.2 ip D endocrine system includes about 20 different endocrine glands, some of 
| h othalamus, pineal, pituitary, thyroid, parathyroids thymus, adrenal 

iH jcislets and gonads. (Fig.18.3) 
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Fig. 18.3: Major Endocrine Glands 
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2 Pituitary Gland 
ao gland is small pea-sized gland, (about 0.5gram) lies in the brain. It is 
Bn - ith hypothalamus by a stalk known as infundibulum, which is made of blood 
re id the nerve fibres of neurosecretory cells. Pituitary gland is divided into three 


l » the anterior pituitary (adenohypophysis), posterior pituitary gland 


hey 2 . 
rohypophysis) and intermediate pituitary (Median lobe). (Fig. 18.4) 
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(GH) and prolactin (PRL), these directly affect body stru 
i) Growth Hormone (GH) or Somatotrop | 


eleasing factor (SRF or GHREP), which 
life and inhibited by hypothalamic 


a 
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cture or exocrine gland, 
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hormone has a direct effect on growth of the body, skeleton and skeleta] 
jt also stimulates cell growth and cell division, increases movement of amino 
me ecells i.e., helps in protein synthesis. 
x! pisorders due to over secretion of GH in early life is called gigantism. It 
xtraordinary elongation of bones and person becomes giant. 
as hile in adulthood, the bones grow in thickness, thus enlargement of hand, feet, 
Jaw bones occur. This condition is called acromegaly. 


sjowe! > Quotient (IQ) is not affected. 
ntl ) Stimulating Hornione (TSH) 
i) TSH controls the secretion and development of thyroid gland. Its secretion 

4c on the level of thyroxin in the blood. Hypothalamus detects the level of thyroxin, 
iene then hypothalamus secretes thyroid releasing factor (TRF) or thyrotropin, 
er in turn stimulates pituitary gland to release TSH that affects the activity of thyroid 
gent Low TSH level may be harmful for health, heart disease and osteoporosis may 
cour. While high TSH level in blood indicates hypothyroidism. 

rticotropic Hormone (ACTH) 

Itacts on adrenal cortex and stimulates the secretion of corticosteroids (cortisone 
and aldosterone). The secretion of ACTH is stimulated by adrenocorticotropic 
releasing factor (CRF) from hypothalamus as a result of stress e.g., pain, cold, fear, 
stress, infection and pregnancy. Cushing disease is caused by a pituitary gland tumour, 
that over secretes the hormone ACTH, thus over stimulate adrenal cortex to secrete 
cortical production. 
Gonads are the male and female sex organs (testes/ovaries). The gonadotropins 
are hormones that affect these sex organs, thus considered endocrine glands because they 
secrete sex hormones i.e., follicle stimulating hormone and Luteinizing hormones. 


Follicle Stimulating Hormone (FSH) 

In human females, FSH targets the ovary and triggers the maturation of one egg 
(Sometime more than one egg) per month. In addition, it stimulates cells in the ovaries to 
secrete female sex hormones called estrogen. 

hh males, FSH targets the testes and triggers the production of sperms. The 
“eretion of FSH is stimulated by gonadotropin releasing hormone (GnRH) from the 


‘ypothalamus, 
““nizing Hormone (LH) 
Its secretion is also controlled by gonadotropin releasing hormone (GnRH). In 


enstrual cycle stimulates the release 
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tes s 
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deficiency may be by birth or acquired. 
Prolactin Hormone (P iat with estrogen, progesterone and other hormones, J 
It works in conjunc glands and prepare them for the production o 
fee cae oa mothers to care their young Pe Duri 
: Le oa milk ‘ not produced or secreted because pr plactin level in the blood jg 
| aly wW Tis secretion is inhibited by Prolactin Inhibiting Factor (PIF) from 
very low. Interesting 
Information 


f milk 
ng the 


hypothalamus. 
Posterior Pituitary Lobe (Gland) ni 
The posterior lobe of the pituitary 1s 
| nonglandular, it stores and releases two hormones that 
are produced by the hypothalamus. These are 
Antidiuretic Hormone (ADH) andOxytocin. H drated. 
i) Antidiuretic hormone (ADH) ) sa 
It helps to regulate volume of the blood by regulating the amount of water 
reabsorbed by the kidneys. For example, osmoreceptors in the hypothalamus can detect a 
: low blood volume by detecting when the solute concentration of the blood is high, then 
the neurosecretory cells of hypothalamus make ADH, which is transported within axon 
to the posterior pituitary, then releases into the blood stream. ADH binds to target cells in 
the collecting ducts of the nephrons of the kidneys, increasing their permeability for 
water reabsorption, thus urine becomes concentrated. ADH also acts on the smooth 
muscles surrounding arterioles, an action that helps to raise the blood pressure. Alcohol 
suppresses ADH release that is why excessive drinking leads to the production of 
excessive quantities of urine and eventually to dehydration, 
ii) Oxytocin 


artificially 
n 1m 
of Pituitary 


pothalamus 

lamus is a part of fore brain, which is 
d endocrine. Thus it receives many 
the nervous system and are converted 
sponses. It is master control centre of 
“because it monitors metabolites and 
the blood. It directly controls the 
4ypothalamus has nerve cell clusters 
rete many types of hormones. One of 
aces and secretes a variety of releasing 
ting hormone or factor. Thus act as 
which regulate the synthesis and 


docrine glands. 


TA i 


| Secretion of growth hormone (GH). ate 


to induce labor. In lactating women, suckling causes the release of 
e ets muscle cells around the duct of mammary glands, thus promote 
; ale, it helps to eject semen during copulation. 


Lob est in human, made of thin layer of cells between anterior and posterior 
retes Melanocytes Stimulating Hormone (MSH). The MSH 


1. The suckling of the infants 
triggers the production of 
great amount of oxytocin, 
that aids in nursing process 
and contracts the uterus to 


its normal size. 


_ Over secretion of oxytocin 


during child birth may 
cause rupture of uterine 
wall. 


. Under secretion of oxy- 


tocin inhibits normal labor 
process. 


nerve cluster which synthesizes antidiuretic hormone and oxytocin 
ported and stored in posterior pituitary gland. (Table. 18.1) 


on of Hypothalamus and Response with Pituitary Gland 


! | Inhibits growth hormone (GH). 
|| Secretion of FSH, LH and ICSH. 


|| Secretion of adrenocorticotropic hormone 
|| (ACTH). 

Stop secretion of prolactin. 

Secretion of thyroid stimulating hormone 
(TSH). 

‘Store these hormones in posterior 
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inandADH. 
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d trachea below + 
ase seis ee at the base of ma Be eed E th e]. 
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KA 


three types ofhormones. (Fig.18.5) i 
k: Tri-iodothyronine or T3 (about 10% i, / 7 ai 
but four time more potent than T4). i a \ 
Itis more active in mammals . 
2. Tetra-iodothyronine or T4 (about 
90% thus major hormone also called 
thyroxin). 
3 Calcitonin hormone. - a 


Both T3 and T4 have similar fhyroid 
structure and function, but T3 has three Gland 
iodine while T4 has four iodine. The 
duration of action duration of T4 is four 
times more than T3. Their secretion is 
controlled by TSH from anterior pituitary Trachea 
gland. The T3 and T4 act on Basal 
Metabolic Rate (BMR) by stimulating the 
breakdown of glucose, release of heat, 
generation of ATP and synthesis of Fig. 18.5; Thyroid Glan 
cholesterol in the liver. 

Thyroxin, in conjunction with Growth Hormone (GH) acts on physical » 
and mental development. Thus causing them to differentiate between foetus and infan: 1, 
also promotes normal motility of the gastrointestinal tract. 


Isthmus 


Thyroxin helps in mets. 
morphosis of tadpole to aduk 
frog. If its concentration is! 
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metamorphose to adult frog 
instead remains a large size) 


Fig. 18.6: Thyroid Gland (Back view) and Parathyroid Gland 


Effect of Over secretion of T3 and T4 (Hyperthyroidism) 


The excess secretion of thyroxin causes a condition known as grave's disease. 


« 


uses exophthalmic goitre (bulging of the eye ball), which is a classical 

<i rhyperthyroudis™: If the patient’s basal metabolic rate (BMR) ease this 
tom cardiac failure, pratus perspiration and weight loss. It is an autoimmune 
p jead 10 ood serum of patient has abnormal antibodies ain TC i 
Ø” ihe l -p antibodies to mimic TSH and 
Pe stimulates thyroxin release. 

oe secretion (Hypothyroidism) 
less secretion of T3 and T4 (thyroxin) causes Cretinism, Goitre and 

Ean othyroidism may be due to absence of iodine or failure of enzyme 

his involved in the production of thyroid hormone or due to lack of TSH. 
Jn infant, less secretion of thyroxin causes dwarf condition known as 
+ is characterized by stunted growth, mental retardation, coarse facial 
arse scanty hair, retarded sexual development. 
na; (Mean mucous swelling) In adult, low secretion of thyroxin causes 
The patient has lower metabolic rate, thickness of skin of hands, brittleness 
|, intolerance to cold, mental lethargy, weight gain, low pulse rate and low 
re (Myxoedema also called endemic or colloidal goitre). 
eficiency of iodine causes enlargement of thyroid gland known as goitre. It 
us areas where iodine is less in the soil or water. (Thus 
nded). Thyroid gland works hard to produce sufficient 
down of excess of fat and weight increases. 


ymmnon in mountaino 
vith iodine is recomme 


: : hyroxin. Goitre may lead to lying 


‘ylcitonin hormone 
gland also secretes calcitonin 
Jevel of calcium ions. Ifcalci 
calcium in bone or prevent their re 
Icium absorption by the intestine. 
and under secretion of calcitonin 
hus affects skeletal muscle (become weak 

ar) and blood calcium composition is dis 


hormone, which plays an important role in 
um level rises in the blood, then it promotes 
absorption from nephrons of kidneys. 


leads to disturbance of calcium 
ened), nervous system (impulses 
turbed, this leads to massive 


roid Glands 


oid glands are very small glands, which are embedded to the posterior 


y id gland. They are four in number and oval in shape. Parathyroid secretes 

wn as parathormone, which regulates level of calcium and phosphorous 
1 influence gene activation. Lower calcium level of blood stimulates the 
directly to increase parathormone secretion. It absorbs calcium from 
<idney while high level suppresses its production. (Fig.18 6) 
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hate concentration. It causes weakness of skeleton similar to rickets. Nerys bi 
low phosp ot response well to stimuli (movement of Ca” to extracellular fluids) 
iie a toe of Ca” by the kidneys, causes massive kidney stone formation 
aa conditions may be fatal. The removal ofthese glands causes death. 


18.2.5 Pancreas: (Islets of Langerhans's) i 

Pancreas has both exocrine and endocrine tissues. E 
pancreatic juices containing digestive enzymes. The pancrea 
functional units. The endocrine clusters of cell known as islets 
two main types of hormones by two major types of cell i.e., 


secretes insulin and alpha cells about (25%) secrete glu 
hormones are protein in nature. Ẹ 


hormones STH and ACTH and resp 


xocrine tissues Secre 
tic acinar cells are their 
of Langerhans's S€crete 
beta cells about (60%) 


te 


onds directly to blood glucose level, (Fig. 18.7) 
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Functions of Insulin 

R, It facilitates glucose transport across plasma membrane. 

2, It stimulates uptake of glucose by liver, muscles and adipose tissue (fat storing 
cells) 

3: 


Promotes synthesis of proteins and fats by transferring glucose. 


de) 


no 


ng 


eogenesis (conversio . 
jucon g n of amino acids and fats į 
od glucose le level. ats into glucose). Thus 


“ patic cells secrete glucagon, made of29 ami j 
jood glucose level decreases, glucagon AD cece i 
saaat dse. glycogen, amino acids 
onistic to insulin. 
c nervous system stimulates its production. 

;Jucogenesis, which is the process of conversion of glycogen into 


tion increases, in turn blood fat level gets high, which upset 


rine cells in pancreas 

other types of endocrine ce 
nones. 

h iis the release of gastrointestinal hormones. 

_ self-regulates the pancreatic secretion 


ee level. 
mitter, its deficiency may lead to type-II diabetes, 
abetes. It is used as supplement by 


lls in pancreas (about 15%) which 


activities and 


‘or in people without di 


18.2.6 Adrenal! Gland: (ad; beside, renal; kidney) 


[hese are located on the top of each kidney, thus two in number and each with ty 
distinet regions. Adrenal cortex is outer reddish brown portion. Adrenal medulla 
inner greyish portion. Both are under the control of hypothalamus, which secretes ACT 
releasing factor that stimulates anterior pituitary, which in turn stimulates the adreng 
cortex, (Fig.18.8) 

Hormones of Adrenal Medulla 

Adrenal medulla consists of modified ganglionic sympathetic neurons, whic 
secrete two important hormones known as adrenaline (epinephrine) and no 
adrenaline (nor-epinephrine). Both prepare the body for stress and emergence 
situation Że. sympathetic system. These stimulate liver cells to release glucose th 

making fuel for cellular energy. 

Epinephrine dilates blood vessels in 
the brain, heart, skeletal muscles, thus 
increasing alertness to overcome stress and Medulla 
heartbeat, breathing rate and metabolic rate 
increases. 

Nor-epinephrine constricts blood 
vessels elsewhere i.e., in digestive system 
and peripheral vasoconstriction. It also 
sustains blood pressure. 


Disorders of Medullary Hormones 

The over secretion of medullary 
hormones may cause hypertension and 
aggressive behavior during routine life while 
under secretion causes failure to combat 


Adrenal glands 


= 


om Kidneys va 


with stress situation. Fig. 18.8: Adrenal Glands on top of Kidneys 


Hormones of Adrenal Cortex 
Adrenal cortex remains active all the time, especially after shock or stress 


situations and infections. It secretes two major hormones. 
f; Glucocorticoids: It regulates blood glucose level, e. g., cortisone. 
be Mineralocorticoids: It regulates the level of minerals in the blood, e.g., 
aldosterone (Collectively called corticosteroids), 
-ortisone 
| The cortisone is involved in glucose metabolism and is produced during anxiety, 
fever, and disease. 
140 


bag i 


y promotes the hydrolysis of muscle protein to 


glucose- 


amino acids, then amino acids to 


it also helps to neutralize the inflammatory responses that leads to the pain and 
swelling joints n artanitis, etc. It favors metabolism of fatty acids rather than 
sjycose, antagonistic to insulin. 
Corticosterone is an example of both glucocorticoid and mineralocorticoid: it 
asses blood glucose level and regulates mineral ion balance. 
,jdosterone promotes renal absorption of sodium and renal excretion of 
ym, maintains blood volume and blood pressure. 
Adrenal cortex mainly produces aldosterone. The adrenal cortex also produces 
sii amount of male sex hormones called androgen, both in male and female. 
cometimes tumor In adrenal cortex of female causes excess of androgens production and 
asthe development of certain male characteristics appear. 
of Cortical Hormones 
Jwo important diseases are caused by abnormal cortical hormones. 
|, Addison's disease 
This disease occurs by lower secretion of 
ids, which leads to general metabolic 
Gsmmbances. low blood sugar level, lethargy and 
weakness in muscle action, loss of salts and the skin has 
boaze tone, and cannot overcome stress condition such 
1 Cushing's disease 
This disease occurs due to over production of cortisol; characterized by obesity 
(ft deposition on the back of neck), muscle wasting, hypertension, diabetes and due to ° 
| excess protein break down muscle and bones become weak. 


| 182.7 Gonads (Sex Organs) 
The gonads (ovary and testes) besides gametogenesis, also secrete some 
= | mportant hormones. 
Hormones of Ovary , pr l 
The human female contains two ovaries in the abdominal cavities which secrete 
= Woimportant female sex hormones, estrogen and progesterone. 
L Estrogen 
There are three types of estrogen which are almost similar in function (oestrone, 
wstriole and oestradiole). Estrogen is secreted from ripening follicle (in some species 
‘Tom interstitial cell of ovaries) and placenta under the influence of FSH from anterior 


iè, „asi 


Interesting 
Information 
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pituitary. These are steroid in nature. me 
: s followin 
a ict aa paar sexual characters (such as roundeg aPDen, 
nn eN. S r ` fa ra , = ar yi 
: = oe agi more fat deposition, large pely Ey and wide 
= * of accessory sex organs such as vagina, uterus, oviduct, oy, PS 
argem spi = 
external reproductive organs) and high pitch of voice 
2. Conception and maintenance of pregnancy. 
3 i i d maturation ofegg. 
3: Help in formation an uman) eena 
-< At the point during estrous (anım Is) aT, sitive 
feedback which results in a sharp rise in LH output by the p y. 
5. Healing of uterine wall after menstruation. a 
6. Prepare uterine wall to secrete proteinaceous substance for embryo. 


Disorders due to deficiency of estrogen int resting 

In young female, it causes failure to mature | cine Hon j 
sexually. In adult causes sterility while in old women , 
after menopause, it's deficiency causes osteoporosis. 


Disorder due to over secretion 

The over secretion may lead to development of 
fibroids (abnormal growth) in uterus and polycystic 
ovary syndrome. 
2. Progesterone 

This hormone is produced by the ruptured follicle 
in response of LH from anterior pituitary. The ruptured 
follicle becomes corpus luteum. Placenta also secretes 
progesterone during pregnancy. 


g functions. 


Functions 
l. Prepares uterus for implantation of fertilized 
ovum. 
A Promotes the development of mammary glands 
during pregnancy. n 
3. Inhibits further secretion of FSH (to prevent any more follicles from ripening). 
4, Further thickening and vascularization ofthe uterus wall, 
5. Used in birth control pills (to prevent ovulation). 
6 


; Regulates secretion of gonadotropin from anterior pity) 
Disorder due to under secretion of progesterone 


The less secretion of this hormone during menstrual cycle decreases the chances 


s and may cause early menstruation. It may lead to the still birth or 


iP age: 
Ppi ale Sex Organs) i 
tes ‘< in the presence of FSH and ISCH produce male sex hormones known as 

fe pretest” ir interstial cells of Leydi 

Th om their interstial cells of Leydig. There are many types of androgen, the 

gens, t of which are testosterone and 17 beta-hydroxysteroid dehydrogenase. 
git Ong ofthese hormones are: 
fhe ee androgen initiates the development of the sex organs. 
? v uberty brings about secondary sexual characters (beard, moustaches, axillary 


+ ytaneous fatty tissue. 
e metabolic activities in general. 
4 inhibit formation of female genital organs in fetus. 
«ease Red Blood Cells (RBCs) production and thickness of bones. 
ficiency of androgens 
It causes castration (i.e. secondary sexual characters do not appear in male and 
sks like an immature female), thus causes male sterility. 
42.8 Thymus Gland 
" This lobular endocrine gland is situated at upper part of chest behind sternum. It 
consists Of two lobes that join in front of trachea. It is largest and more active in 
childhood. It is responsible for the development and differentiation of T-lymphocytes 
before they leave the thymus. The hormone of this gland is called thymosin or thymin. 
18.29 Pineal Gland 
= Itis tiny cone shaped body, located deep between the cerebral hemisphere of 
brain. Itproduces the hormone, melatonin. 
= Ttisinvolved in a daily cycle called circadian rhythm (Regulated by the eyes of 
mammals). In many mammals, it regulates the seasonal reproductive cycle, sleep and 
wake cycle in human. It responds to external conditions of light and darkness as sensed 
through the eyes. E 
Roleofartificially synthesized steroids in sports and their long-term effects on 
theirusers, 
Steroids are artificial substances which are developed in order to do the job of 
ni It can be classified as either anabolic or androgenic. Anabolic functions include 
ese that promote formation of muscles, vertical growth and regulation of weight gain or loss. 
drogenic refers to masculine attributes such as agility, strength and endurance. By the help of 


d, 


aw: 
: i 
sr, more agile, and hence more ,. 
n become bigger, stronger, more ag a ss 
— smen ca cape aior medical prob ems as. 
a ae arry many severe health risks. Majo | 
sojat steroids uses Cart) 
rtificial ster if wos 
is include a weakened immune sy 
steroids 


increased risk for heart 
hich cholesterol, increased risk for hee 
g S 
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m, liver disease, kidney disease, high blog, Pree i 

i . av 4] ‘ine n Li? \ 

disease, blood clots, strokes, tissue damapa ` 
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cancer. 


nt Se EPE ans or tissues whose functi On is 
Many other hormones are also produced by org iS not 
es. 
primarily an endocrine one, even neurons also secrete hormor 


-intestinal Tract 
mene A crore mere by the stomach ls n the 
bloodstream but exerts its effect locally, stimulating the por O gastric juice 
(pepsinogen and hydrochloric acid). The secretion of gastrin depends on pr OleInaceoys 
food in stomach when itis partially digested. 


ii) Secretin and Cholecytokinin (CCK): These two hormones contro] 
pancreatic and liver secretion. Both are formed in the cells of duodenal wall, in response 
~ toacidic chyme, fatty and proteinaceous food. 
Placental hormones 


Placenta secretes hormones like progesterone, which maintains pregnancy. It also 
secretes estrogen, chorionic hormones, relaxin and chorionic gonadotrophin hormones. 
All of these facilitate in pregnancy and birth. 


Hormones secreted from Kidneys 


Kidneys produce some hormones such as erythropoietin which increases red 
blood cell production. The stimuli such as bleeding or moving to high altitudes (where 
Oxygen is scarcer) trigger release of this hormone. 


Kidney also secretes hormone reni 


Hormones of Liver: Liver secretes 
Prostaglandins. These provide protective 


Somatomedins hormone is also secreted from liver that stimulate cel] growth 
and development. 


a group of hormone-like co 


mpounds called 
response during infection. 


Hormones of Brain: Enkephalins and 

produced in the brain. Both bind to pain 
enkelphalins found in thalamus and some part 
pituitary gland, in other parts of brain or distrib 


endorphins are two related hormones, 
receptors and so block 


Sensation. The 
S of spinal cord while end, 


Orphins found in 
uted throughout Nervous system. 


_- 
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ne of Heart: The heart secretes atrial natriuretic hormone, which increases 
or? cretion and lowering blood pressure. 
ex 


Laie Tissues: Secretes a hormone leptin, which reduces appetite. 
i 


\ ceedback Mechanism (FBM) 

` risa tyPe of apteraction in which controlling mechanism is itself controlled by the 
cts of reactions, it is controlling. Different hormones act as a system of check and 

P T e foreach other in order to keep homeostasis. In this case two opposing systems are 


i jan! i . o : 
it die. ifthereis an excitatory system, there must be an inhibitory system. 
fe 


g3 Negative Feedback Mechanism 
The type of FBM in which increase in production decreases the operation so as to 
gop the production of products. It stabilizes a system. 
pyample: If our blood glucose level becomes too high then beta cells in the islets of 
rangerhans respond to secrete more insulin. The insulin lowers blood glucose by 
converting glucose into glycogen and making body cell membranes more permeable to 
| glucose. Thus glucose is utilized by cell and surplus glucose is stored in the form of 
glycogen. (Fig.18.9) 
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Fig. 18.9: Negative Feedback Mechanism 


Promotes 
glucagon 
release 


i If the level of blood glucose gets too low, alpha cells in the islets of Langerhans 
ae glucagon. It converts glycogen into glucose to raise and maintain blood glucose 
ĉl. Thus the level of blood glucose is maintained by negative feedback mech-anism. 
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Negative feedback is most common 


imiti 1. Nerve impulses from 2. Brain x 
and self-limiting. cervix transmitted pituitary vi 
to brain ATA 
18.3.2 Positive Feedback 
Mechanism 


The type of FBM in which 
increase in production of a substance 


increases the operation to ik Syne pe 
the 5. Head of baby) | 

more products. It speeds up pushes against Seu) SNR 

system rather to stop 1t, €.8- Oxytocin cervix A 

production during labor and suckling 

by baby. It is rare, explosive and self- uterine contraction 

d pushes baby 


reinforcing. (Fig. 18.10) towards cervix 


18.3.3 Similarities between Fig. 18.10: Positive Feedback Mechanism 
Nervous coordination and 

chemical co-ordination 

i) . Bothofthese synthesize chemical messengers. 

ii) Release the chemical messengers in extra cellular spaces of the body. 

iii) | Help in coordination of the body. 

iv) Both function in response to internal or external stimuli. 

v) | Homeostatic in function. 


na S 
4, Oxytocin stimulates 


Table 18.2: Differences between Nervous and Chemical Coordination 


Chemical transmission (hormone) through blood | 
system. ) 


Electrical and chemical transm- 
ission. 

The structural and functional units 
are the neurons. 


The structural and functional units are hormones 
producing cells and neuron secretary cells. 


Hormones and neurohormones are poured into 
the blood which affect the target cells. 


Chemicals act where they are 
produced. 

Slow transmission and relatively slow acting 
(adrenaline an exception). 


Rapid transmission and response. 


Pathway is not specific (blood circulates whole 
body) target specific response may be very 
widespread e.g. growth. 


Pathway is specific through nerve 
cells response is very localized e.g. 
one muscle. 


Often short term changes. Often long term changes. 


Hormones remain active for much longer 
duration within the blood. 


The neurohormones are broken 
down shortly after their release. 
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s uctive system of Man 
ors of Reproductive System 


guden , tructures of male repr : 
peseribe the structures of male reproductive system and identifying their 
’ 


functions. 

explain the principal reproductive hormones of human male and explain their 

role inthe maintenance and functioning of repri wductive system 

Explain the structures of female reproductive system and describe their 

functions. 

. Describe the menstrual cycle emphasizing the role of hormones 

, Describe the causes of female and male infertility, 

, Explain that in vitro fertilization (test tube babies) is one of the methods to solve 
the problem of infertility. 

. Define miscarriage and state its causes. 

» Relate miscarriage with abortion. 

. Describe the causes, symptoms and treatment of gonorrhoea and syphilis 

» Explain AIDS as a worldwide sexually transmitted disease. 


Introduction 

Reproduction is the biological process by which organisms give birth or give rise 
to new organisms which may or may not be like their parents. It helps to continue theu 
race. This is a fundamental process and seen in all organisms. Reproduction is important 
for survival and maintenance of all organisms. Without this process life would come to an 
end. A living organism does not need reproduction to survive, but as dspecies, they aced 
this mechanism for continuity and to ensure that they are not extinct. 


20.1 Reproductive System of Human 
The reproductive system of human is different from all other systems of body m 
two ways. 


birth or shortly after birth. 


2 male and female human. 


20.1.1 Male Reproductive System 


The male reproductive 
system performs following main 
functions: 

i) To produce, maintain and 
transport semen (sperms + 
fluids). 

ii) To discharge semen within 
the female reproductive 
tract during sexual interco- 


urse. 
iii) To produce and secrete 


male sex hormones, respo- Urethra 


nsible for maintaining the 

male reproductive system. 

Unlike the female repro- 
ductive system, most part of male 
reproductive system is located 
outside of the body i.e. penis, 
scrotum, and testicles (testes) 
while some parts i.e. vas deferens 
and associated glands like seminal 
vesicles, prostate gland and 


Cowper's gland are located inside Straight tub 


the body. (Fig.20.1) 


Testes 

The testes (singular testis) 
are the male gonads. These are 
oval-shaped organs about the size 
of large olive seeds. These are 
located outside of body in 
scrotum, The scrotum is a large 


It becomes functional at the age of puberty while other « 
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The other systems are almost similar but reproductive ș 
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h like sac of skin that hangs behind and below the g f Soj E 
pove The scrotum acts as climate control system for the ` Teie anteater 
gm because for the normal sperm development, the 
en oe be at a temperature slightly cooler than the 
E oiue, The testes are usually two in number. 
gi testes there are coiled masses of tubules called 
eminiferous tubules. The sperms are produced in these 
ubules. The testes also produce male sex hormone called 
estosterone by leydig cells (interstial cells). (Fig.20.2) 
accessory Ducts 

These include the following: 

i= Itis a long coiled tube th 
pack side of each testis. It stores 
Here sperms also get mature, 
Vas deferens:- It is a long muscular tube that travels 
from epididymis into the pelvic cavity to just behind the 
bladder. 
Ejaculatory ducts:- The two vas deferens and two 
seminal vesicles join to form ejaculatory duct. The 
ejaculatory ducts empty into urethra. 
Urethra:- The urethra is the tube that carries urine from 
bladder to outside of the body. In male, it has the 
additional function of ejaculating 
semen during sexual excitement. 
Therefore, urethra is also called Vas 
urinogenital duct. 


deferens 
Copulatory Organ (Penis) 
It is the male organ used in 
sexual intercourse. The skin of 
2. @ . Bulbo-urethral 
Penis is loose and elastic to gland fr 
accommodate changes in penis 
‘ize during an erection. The penis 
consists mainly of tissues that can Epididymis 
fill with blood to cause an erection, 
Accessory Glands:- Following 
‘ire types of glands are associ- 


ated with male reproductive 
System, 


at rests on the 
and transports sperms. 


Bladder 


Ureter 


Urethra 


Testis 


Seminal Vesicle: These are sac like pouches that attached to vag qq, 
I s det, 
ofthe bladder. It produces a sugar rich fluid that provides sperms 


to help them move. (Fig.20.3) urce ge i 
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Prostate glands 
These are walnut size structure that are located below the urin 
ary 


side of urethra. The prostate g 
protectthe sperms. 
Bulbourethral glands (Cowper's gland) 

These are pea sized structures located on the side of urethra . 
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prostate gian a 


land contributes additional fluid to ejacy),, blad 
. z ate, te 


ds. These glands produce a clear, slippery fluid which seryes ; 
Ste 


neutralize any acidity in urethra. 
Hormonal Control of Male Reproductive Function 


The entire male reprod- 
uctive system is dependent on 
hormones. The primary alamo, 
Rainim aom = 


hormones which involved in 
the functioning of the male 
reproductive system are: 
Follicle Stimulating Hormone 
(FSH), Luteinizing Hormone 
(LH) and testost-erone. 


(Fig.20.4) 
FSH and LH are 


produced by the pituitary ~ i 
gland located at the base of the eee inhibin See iencsis P" % ` 
brain. FSH is necessary for — 7 
sperm production and LH. Jar 
stimulates the production of -g 
testosterone by Leydig cells, 


which is necessary to continue 
the process of spermatogenesis. Testosterone also helps in the develo 


characteristics, including mass and strength, fat distribution, bone mass an 
Inhibin hormone is produced by the sertoli cells and controls the sperma 


normal rate. 


GnRH 


Negative feedback 


Fig.20.4; Hormonal Control of Male Reproductive Syste 
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spt? Female Reproductive System . 
“The female reproductive system is more complex than the male reproductive 
sem, because the male needs only to produce and deliver gametes. However, female 
„productive system besides producing gametes also gestates, gives birth and nourishes 
he new born. The female reproductive system is also under the influence of menstrual 


cle. 
sructure of Female Reproductive System 
~The female reproductive System consists of fol] 


Owing parts. 
i) Ovaries li) Ducts iii) External genitalia 

i) Eryaries, Fallopian tube Uterine olsen Uterine 
There is a pair of 


cavity \. tube ` 
pvaries, Which are oval- 


shaped and attached to the 
dorsal body wall just below 
the kidneys. Eggs or ova 
develop inside the ovaries of 
mature female. There are 
approximately 4,000,00 
potential (follicles) cells are 
already present at birth, only 
about 500 will ever become 


mature within two ovaries and Fig. 20.5: Human Female Reproductive System 


they are released from puberty to menopause. Usually, only one egg is released every 
month. The ovaries take turn alternate to release an egg. -- 


The egg is spherical in shape and about 120um in diam 
nucleus with haploid number of chromosomes. (Fig.20.5) 
i)  Oviduct (Fallopian tube or uterine tube) 
= The ovary releases mature egg into oviduct which 
Sa narrow muscular tube. It leads from ovary to the 


uterus. The egg is fertilized in the oviduct. eed Ps P. : rads . peek (3 
Uterus T J 


Infundibulum 


Ligament 


Or al y < of ovary Fimbriae 


Ea Cervical canal 


-Vagina 


eter, containing a large 


Uterus is a pear shape elastic sac about 7.5cm 
It is the site for development of fetus. During 
Pregnancy, the wall of the uterus consists of three layers. 

e outer layer is called perimetrium, middle layer is 
"yometrium which is thick and muscular. The inner 
yer is known as endometrium which is spongy lining of 


long, 


x to the outside is the birth 


£ : -10cm long tube. The 
i is thin walled 8-! 
canal or vagina. It 1s is the vulva. Semen is deposited in | 


during intercourse. an 
onal Re 


Female Reproductive Cycle and its Horm wr 
28.1.5 female reproductive system iscontrolled by the follicle; “on 
snd Inteinizing, hormone (LH) which are produced by pinu, "hing 
(FSH) 4 controlled by hypothalamus. FSH stimulates the ovarian ty., Sand p 
aniya hich helps in the maturation of egg while LH stimulates the 5 ç Drog 7. 
in ovaries. The estrogen triggers the development op... | ° duction 


characteristics in female. The pituitary gland also produces prolactin...” ng 
milk production. The oxytocin, which stimulates uterine contraction gu, ` mug 
and milk let down during sucking. 
The start of monthly discharge of blood or menses from uterus vi; 4 
first sign of puberty in female. This condition is called menstruation The i 
period usually lasts for five days. However, the length of the menstrua] Me | 
amount of blood lost vary considerably with the individual. Every m onih a ý i 
events takes place in the female reproductive organs. This is called menstrual od 7 
average menstrual cycle for an adult female is 28 days. However, the menstrual g 
ranging from 21-33 days, are not abnormal. The effects of emotional disturbances stea 
mental fatigue and illness may alter or stop the menstrual cycle. An unbalance dg 
malnutrition may cause the periods to be very irregular or to stop completely. A yowga 
may take about three years before her periods become regular. 
The menstrual cycle has 4 phase: 
Menstrual Phase 
(ec = ion is the elimination of the thickened lining of the veu 
icometrium) and blood from the body through the vagina. Menstrual fluid com 
oe lining of the uterus and mucus. The average length of this pi N 


+s on policular phase Starts on the stoppage of menstruation e A wh 
iie, ulation, Pituitary gland releases follicle stimulating hormone Œ>" pan 


a a asi 
ec Usually only si, foduce about 5-20 follicles. Each follicle houses sol 
follicle will mature into an egg while the others die. 1563 


> os 


wlicles stimulates the lining of the uterus to thicken in 
gn ancy: 
Ovulation is the release of mature egg from the 


fce of the ovary. This usually occurs mid of 


jout 14" day of the cycle. 


Preparation for possible 


EN Tri 
\ fnformation 


Fallopian tubes are about 
12cm long and wide as a 


\sewing needle. 


the cycle, 


wo days, ovulation is triggered by the hi g 
allopian tube and toward the uterus by wav 
ofthe typical egg is only around 24 hours. 


Luteal Phase 


ae ovulation, the egg bursts out from its follicle, but the ruptured follicle stays 
on the surface of the ovary For the next twn weeks ar sa the follicle transforms into the 
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Fig.20.6: Menstrual Cycle in Human 


i ——— 
a Luteal hase 
28 Days 


ed corpus juteum, This structure starts releasing | 
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‘he combination of hormone maintain a e 
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cal 
aan Ti  festrogen. 1 ) ol 
small am nf fertilized egg implants 1 the lining of the uterus. j : thick, “long 
S A ; ų N J : á Och, le wy 
th vine necessary to maintain the corpus luteum. It induces ih, lu h in 
0 adotropin (hCG), the hormone that is detected in urine qe. Ar may ng 
regnancy docs not occur, the corpus luteum degenerates usually q Or Drege ll 
‘ on aval oe ion Hea! | Hi 
menstruation. The drop in acl level Babee? the lining Of the i ing (lay i 
TE ion. The c cle repeats. (Fig.20.( Crug no a 
This is known 4s menstrual y | 2.20.6) to ald 
extra Reading 
Gametogenesis 
e The production of gametes 1S known as gametogenesis, 
° The process of gametogenesis occurs in gonads. 
° The process of gametogenesis starts at puberty. 
e There are two types of gametogenesis 1.c. spermatogenesis and oom... 
Spermatogenesis Benesis 
Itis the process ofsperm formation in male gonads (testes). 
Oogenesis 
Itis the process ofova (eggs) formation in female gonads (overies), (Fig y 
` 1B 20] 
Differences between Spermatogenesis and Oogenesis 
There are three differences 


D a spermatogenesis all four daughter cells of meiosis develop into mature gam 
while in oogenesis only one of the four cells gets mature. 

ii) Spermatogenesis starts at puberty and continuous throughout life while oogen 
also starts at puberty but ceases at menopause. l 
Spermatogenesis is a continuous process while there are long interruption 


oogenesis. 
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Structure of Mature Human Spermatozoan 
Fig. 20.7: Structure of Sperm and Eg 
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i for Human Ovum 

Sop Fyns USE ida is thick transparent membrane surrounding a mammalian ovum 
Moty, zona pellucida 1 
rion ‘mplantation. À ; . 
ney A eee radiata is many layers’ thick follicle cells adhering to oocyte which 
2 afi ply vital proteins to the cell. 

) 


law f Corpus albicans is regressed form of the corpusluteum. 


i Sexually Transmitted Diseases (STDs) 
Me Sexually transmitted diseases are infections th 
ity. More than 30 different types of bacteria, viruses and parasites can be transmitted 
a sexual activity, Some examples of sexually transmitted diseases are 
i syphilis, genital herpes, AIDS. ere. 
"whe discussed. 
rhea 
“It is caused by the gram Positive bacterium Neisseria gonorrhaeae, There is no 
dtest to diagnose gonorrhoea, In male, typical symptoms are pain upon urination and 
hick greenish yellow urethral discharge. If a baby is exposed during birth, an eye 
ection leading to blindness can result. Gonorrhoea can spread to internal parts of the 
, causing heart damage or 


arthritis. It is transmitted through direct contract or sexual 
act. Itis treated using antibiotics penicillin or tetracycline, 


hil 


at are commonly spread by sexual 


chlamydia, 
Here only gonorrhea, syphilis and AIDS 


_ Itis caused by a spirochete b ‘ma palladium. It has three stages, 
which are typically Separated by latent periods, In the primary stage 
ulcerated sore with hard edges) appears, In the secondary stage, rash 


acterium Trepon 


, a hard chancre 
appears all over the 
During the tertiary stage, syphilis m 
ystem. It damages reproductive org 
ind skin. Sexual contact is the m 
devastating disease. Control depet 
treated with antibiotic therapy, 


AIDS-A worldwide Sexually transmitte 


AIDS is caused by a virus called HIV (Human Immunodeficiency Virus). HIV 
destroys the body immune system. That is why this disease is called AIDS (Human 
une Deficiency Syndrome). The HIV att 


acks on specific type of white blood cells 
ed T-cells. HIV may transmit through blood transfusion, contaminated syringes, 
Surgical instruments, etc. However, the most prominent cause is sexual transmission. 


AIDS is a major global public health issue. There are approximately 38 million people 
living With HIV at the end of 2019. Over two thirds ofall people with HIV infection live 
African region (26 million), HIV can be diagnosed through rapid diagnostic tests. 


ay affect the cardiovascular and nervous 
es, bones joints, central nervous system, heart 
ajor source of its dissemination. Syphilis is 
ids on prompt and 


ans, ey 


a very 
adequate treatment of all cases be 


d disease 


However, Still there is no cure for AIDS. 
List the measures that can help to prevent transmission of HIV, 

The HIV is transmitted from one person to another by exchanging fluids of body. 
Therefore, following measures should be taken to prevent transmission because 
Svention is so for only cure for AIDS, 


ilow the Islamic teaching and refrain from immoral sexua] activities, 
Follo g instruments that are likely to break the skin and be Es, 


e razors and tooth brushes. E Otani 
If you require acupuncture, ear, piercing, nose piercing, efc Yo 
reliable operators and make sure that needles used are Sterilized o 
disposable instruments. | 

Blood of donor must be screened before transfusion. 

Use disposable syringes and sterilized operation tools for s u 
Affected mothers must avoid breast feeding to their infants. 
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22.1 Mendelian Inheritance 
Mendelian inheritance refers to the pattern 
oforganisms which reproduce sexually. 
Gregor John Mendel was an Austrian monk who formulated Soma 
fundamental principles regarding the inheritance of traits. Between 1856 — 1 , 
performed number of experiments in which he cross-bred pea plants (P ‘Si 5 
with 7 pairs ofcontrasting characteristics Mendel explained his results by describir 
laws of inheritance that introduced the idea of dominant and recessive genes. (Fig.2 


Purple flowers x White flowers tp (3/4:1/4) 


s of inheritance that are characte 


Yellow seeds X Green seeds & (3/4:1/4) 
Round seeds x  Wrinkled seeds &> (3/4:1/4) 
Green = x Yellow pods a” (3/4:1/4) 
Inflated pods x Constricted pods (3/4:1/4) 
Axial flowers Xx Terminal flowers (3/4:1/4) 
Tall plants x Dwarf plants (3/4:1/4) 


Fig.22.1 Mendel's Seven Contrasting Pairs of Characters 
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4 Association of Inheritance with Laws of Mendel 
- Gregor John Mendel, through his work on pea 
s, discovered the fundamental laws of inheritance. 
de duced that factors (genes) come in pairs and 

ri ed as distinct units, one from each parent. Mendel | On genetic level all humans 
ed the segregation of parental genes and their \aremore than 99% identical. 
arance in the offspring as dominant and recessive 

s. He recognized the mathematical patterns of inheritance from one generation to the 
t. On the basis of his series of experiments on pea plants he formulated following 


Exira . 
Information 


_ The Law of Segregation 

The law of segregation states that the two alleles of a single trait will separate 
jomly. Fach inherited trait is called factor (gene) pair. Parental factors (genes) are 
omly separated to the sex cells so that sex cells contain only one member of the factor 


5 pair. Offspring, therefore, inherits one allele from each parent when sex cells unite 
Extra 


ertilization. | 
The Law of Independent Assortment "A amen’ 
The law of independent assortment states that the _ oe: term Mendalian 

5 ; Be ok eritance refers to a set of 
k of one gene separate independen X o paka sale dak evolve aae 
ele. Genes for different traits are sorted separately {passing down of hereditary 


& one another so that the inheritance of one trait is not | traits from parents to 
offsprings. 


“a 


p€ adenton the inheritance of another. 
ritance of Single Trait (Monohybrid Cross) 

Law of Segregation 

= Mendel carefully selected 7 pairs of contrasting characters for his experiments. 
cirst he experimented plants with one pair of contrasting characters such as tallness and 
hortness of the plants. This type of cross which involves only one pair of contrasting 
haracters is called monohybrid cross. 

ocedure and Observations 

= none of his experiments, Mendel crossed tall pea plants (about 2 meters high) 
with dwarf pea plants (about 20 — 50 cm). He used pure breeding varieties i.e. plants 
which when self-fertilized produced offsprings that resembled their parents. He crossed 
pollinated tall plants with pollen from dwarf plants and vice versa. He planted the seeds 
from these plants and observed the resulting hybrid which he called the first filial 
generation or F, generation. In F, generation all plants were tall. He then allowed F, 
plant to self-pollinate and produced seeds which gave rise to F, (second filial) 


‘ Iere ii yA ) 
generation. In F, he got 1064 plants. Out of these 1064 plant 787 were tall plant indZ 
dwarf plants ¿e. in the ratio of about three tall one dwarf (3:1). . 

Mende! also made crosses using 6 other contrasting characters of pea plants a 


got almost similar results 
] In all his experiments, Mendel observed that one trait or character appeared in 
generation while other disappeared. However, this character reappeared in F, generatig 
but only in about 1/4 of the total number of offspring. The character which appeared in 
generation is called dominant while the character which could not express itself in I 
generation is called recessive trait. 


Interpretation of the Results 
On the basis of these experimental results Mendel 

was able to suggest a mechanism to explain the 

observations, he had made about pea plants. Infact, he 
suggested a model of how the inheritance of traits could 
be explained. Mendel concluded that: 

s Hereditary characters are responsible for 
transmission of characteristics. 

. Each characteristics is controlled by a pair of 
factors (genes) in the cell of an organism e.g. 
colour of flower, colour of seed, shape of seed, 
height of plant, etc., are controlled by a pair of 
factor. 

v If the two factors differ then only the dominant ( | Exa oa 
one will show its effect e.g. ifa pea plant contains | ` ikih mations i 
one factor for tallness and one for dwarfness, only lomi 
the tall (dominant) will show the effects. 

° The two factors in each pair separate or segregate 
during gamete formation and each gamete will 
contain only one factor. This statement is known 
as Mendel's law of segregation. 

Hence when a pea plant containing a factor for 
tallness and a factor for shortness produces gametes. A 
particular gamete will either have tall factor or the dwarf 
factor but not both. Thus the gametes are always pure. 

e The fusion of haploid gametes at fertilization restores the diploid condition in the _ 
zygote. 

° Gametes unite at random so that a predictable ratio of characteristics occur among — 


the offsprings. 


Dominant Gene 
It is able to express itself eve 
in the presence of its recessiv 
allele and does not requi 
similar allele to produce it 
effect. 

Recessive Gene 
It is unable to express its effec 


allele so it produces phono 
typic effect only in presence o 
‘similar allele. 


inheritance of Two Traits (Dihybrid Crosses) 
fendel’s Law of Independent Assortment 


| b i 6 
ame time, such as seed color and seed shape. Pea seeds shape may be either round 
smooth) or wrinkled. From single character crosses, Mende! knew that allele for yellow 
seed is dominant (Y), while allele of green seed is recessive (y). He also! sallei 
from round seed is dominant (R), and allele for wrinkled is recessive (r). 
cedure and Observations 

Mendel crossed pure round-yellow seeded plant | 
RRYY) with wrinkled green seeded plant (rryy) and | 
sot F, generation. In F, generation, he got all round- fac 
yellow seeded plants. However, these plants will be | offsprings will al» zys look 
4ihybrids i.e. RrYy. The key step in the experiment is to | exactly like them parents ie 1i 
be what happens when F, plants self-pollinate and | the tll plants were Tossed 
roduce F, generation. If the hybrids transmit their allele spri ul m 
n the same combinations in which the alleles were 
herited from parental generation, then the F, hybrid will produce only two classes of 


ile 
as 


gametes: RY and ry. This dependent assortment hypothesis predicts that the phenotype 
ratio of F, generation will be 3:1, just as in monohybrid cross. 

The alternative hypothesis is that the two pairs of allele segregate independently 
of each other. In this example the F, plant will produce 4 types of gametes im equal 
quantities i.e. RY, rY, Ry, ry. If sperm of the 4 classes fertilize eggs of the 4 classes. there 
will be 16(4*4) equally probable ways in which the alleles can combine in F, generation. 
These combinations result in 4 phenotype categories with a ratio of 9-3-3-1. Nine will be 
round-yellow, three will be wrinkled yellow, three will be round-green and one will be 
wrinklec green. When Mendel did the experiment and obtained F, generation. his results 
were close to the predicted 9:3:3:1 phenotypic ratio. These results were supporting the 
hypothesis that the allele for one gene-supporting seed colour and seed shape are sorted 
into gametes independently of the alleles of other genes. 

‘Int ation of the Results 


Interesting 
Information 


| Pure bred means that if you let 


invi this question, let's consider one of the two dihybrid characters by itself. 
Looking only in pea color we see that there are 416 yellow and 140 green peas, a 2.97:1 
ratio, or roughly 3:1 ratio. In this dihybrid cross, the pea color alleles segregate as this 
were a monohybrid cross. The result of Mendel's dihybrid cross is the basis for what is 
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called law of independent assortment. This law states that the alleles of two (oi More) 
different genes get sorted into gametes independently of one another, In other words. the 
allele a gamete received for one gene does not influence the allele received [rom another 
gene. 
Limitations of the Law of Independent Assortment 
This law applies only to those genes (allele pairs) located on different 
chromosomes (non-homologous chromosomes) or alternatively to genes that are very fay 
apart on the same chromosome. All the pea characters Mendel chose for analysis were _ 
controlled by genes on different chromosome. This situation greatly simplified 
interpretation of his multi-character pea crosses. 
Usefulness of Law of Independent Assortment 
This law explains that desired characters of two parents can be expressed in single 
parents and undesired characters can be prevented from expression. Can you guess how? 
Scope of Independent Assortment in Variation 
The independent assortment genes also contribute in mutation because it results in 
the shuffling of chromosomes into various gametes. Crossing Over occurs when 
homologous chromosomes exchange genetic information. Thus, chromosomes are 
formed that contain genes from both parents. (Fig.22.2) 
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Fig.22.2 Dihybrid Cross 


92.1.2 Inheritance and Mathematical Probabilities 

| Probability is a chance of occurring of an event. Mendel laws reflect the same 
rules of probability that apply to tossing coins, rolling dice and drawing cards from a 
deck. The probability scale range from 0 to 1. An event that is certain to occur has a 
i probability of 1, while an event that is certain not to occur has a probability of 0 with a 
pormal coin, the chance of tossing tails is 1/2 and chance of tossing heads is 1/2. 

| Tossing acoin illustrates an important lesson about probability. For every toss, the 
i probability of head is 1/2. The out-come of any particular toss is unaffected by what has 
happened on previous trials. 

i The phenomena such as coin tosses are referred as independent events. Each toss 
of a coin whether done sequentially with one coin or simultaneously with many is 
independent of every other toss. And like two separate coin tosses, the alleles of the one 


gene segregate into gamete independently of another gene's alleles (the law of 

independent assortment). The combined probability of two or more independent events 

canbe calculated by product rule. 

Product Rule 

This rule states that probability of two or more independent event occurring 

_ together can be calculated by multiplying the individual probability. This rule is useful in 

~ genetics. The product rule is used to predict frequencies of fertilization events. 

M According to this rule the probability of round yellow phenotype in F, generation 

= ofa dihybrid cross is equal to the product of individual probabilities of round (3/4) and 
-yellow (3/4) phenotype i.e. P=3/4x3/4=9/16. 


22.2 Exceptions to Mendelian Inheritance 

he We know today that there are many exceptions to Mendel's laws. It means that not 
every gene has alleles that are strictly dominant or recessive. Does this mean that Mende! 
was wrong? No it means that we know more today about genetics, diseases and 
inheritance than 150 years ago, when Mendel formulated his laws. Some of the most 
common exceptions of Mendelian inheritance will be discussed here. 


22.2.1 Incomplete Dominance 
When two contrasting characters are crossed, and if in F, generation none of the 
characters is fully expressed then this phenomenon is called incomplete dominance. It 

was first described by Carl Correns. 
Example: When red (RR) Japanese 4 o'clock flower plant (Mirabilus Jalapa) is crossed 
with white (WW) 4 o'clock flower plant, in F, generation hybrid plant have pink (RW) 
_ flowers. This third intermediate phenotype results from the flowers of heterozygotes 
having less red colour than the red homozygotes. This is unlike the case of Mendel's pea 
plant. (Fig.22.3) 

At first glance incomplete dominance of either allele seems to provide evidence 
for the blending hypothesis of inheritance which would predict that red or white traits 


oe 
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could never reappear among offsprings from pink 
hybrid. In fact, inbreeding F, hybrids produce F, 
offsprings with a phenotypic ratio of one red to two 
pink to one white i.e. 1:2:1 ratio. Thus genotype and 
phenotype ratio is same (RR, 2RW, WW). The 
segregation of the red flower and white flower alleles 
in the gametes produced by the pink flowered plants 
confirms that the allele for flower colour are heritable 
factors that maintain their identity in the hybrids; that 
is; inheritance is particulate. 


22.2.2 Co-dominance 

The dominance relation when two contrasting 
characters are crossed and in F, generation both of F, all mee a ee. 
e fully express themselves is called co- - Pape bite (2556) ‘ae 

ominance. . 

For example, the human MN blood group is SEE n Pomi 
determined by co-dominant alleles for two specific 
molecules located on the surface ofred blood cells,theM 4 What would be expected 
and N antigen molecules. A single gene locus at which f offspring when red four 
two allelic variations are possible, determines the || O'clock plant is crossed with 
phenotype of this blood group. Individual homozygous he ag j 
for the M allele MM have red blood cells with only M erg Pink 
molecules; individual homozygous for the N allele NN he ge 
have RBCs with only N molecules. But both M and N 
molecules are present on the red blood cells of 
individuals heterozygous for the M and N alleles (MN). ia 
The MN phenotype is not intermediate between the M Aa ; i 
and N phenotypes, which distinguishes co-dominance f _ ae er ae 
from incomplete dominance. Rather, both M and N f white os uae 
phenotypes are by heterozygotes, since both molecules f genotype : 
are present. (Table 22.1-22.2) 


Table 22.1: MN Blood Group 
Genotype 


Showing Co-dominance 
Phenotype 


è 


Ce 


Cor 
rire 


Has independent effect. Both traits 
simultaneously appears. 


Both alleles are expressed itself partially, 
None of the parental characteristics 
express in offspring. 


Both alleles are equally conspicuous. 
Both parental characteristics express in 
offspring. 


Multiple Allele 


Any one ofa series of three or more alternative or allelic forms of a gene, only two 
pf which can exist in any normal diploid individual is known as multiple allele. 

The ABO blood group is an example of multiple allele. It is also an example of 
eption to Mendelian inheritance. 
The 4 blood groups A, B, AB and O are all determined by a single gene. Three 


es of this gene exist. la T andi. I^ and I° are dominant while i is recessive to both 1^ 
and 


22.3 Blood Group System 
Although the ABO and Rh-groups are most important for blood transfusions, 
there are 36 other known blood group that usually do not complicate the blood — 
ransfusion are called rare types. 

Each blood group has a combination of sugars and protein called antigens that are 
found on the surface of RBCs. There are about 600 antigens so there is potential for a lot 
_ of variation between different people. 


22.3.1 ABO Blood Group System 
i ABO blood group is an example of multiple allele 
which is an exception to Mendelian inheritance. In 1900 
Karl Landsteiner reported a series of test, which 
identified the ABO blood group system. He got noble 
prize in 1910 for his discovery. The ABO blood group is 
also found in other primates like apes, chimpanzees, 
gorillas. 
Antigen of ABO Blood Group 
ABO antigens are glycolipid in nature, attached on the surface of red blood cells. 
‘hese antigens stick out from cell membrane and there are many antigen sites per red 
lood cell. Besides their presence on red blood cells, soluble antigens can be present in 
plasma, saliva and other secretions. These antigens are also expressed on tissues other 
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than red blood cells. There are two types of antigens i-e. antigen A 70 B. NA presong 
absence of these antigens makes 4 types of blood groups i.e. blood group ti oe antig 
A is present, blood group B when antigen B is present, blood group when bg 


antigens A and B are present and blood group O when both antigens A and B are abse 


Genetic Basis of ABO System 
Blood groups are inherited from both parent 

ABO blood group is controlled by a single gene with 

three types of alleles i.e. I‘, P and i. The I stands for 

isoagglutinogen. The I^ and I” both are dominant alleles, | 

while 'i' is recessive. The gene is located on long arm of | 

chromosome no 9. The individual with genotype 11° and 

[^i have type A blood group and individual with I'l’ and 

l’ihave type B blood group. 
The genotype I‘)? have blood group 

dominant. An individual having genotype ii has blood group O. 

Codominance: Another example of codominance is human blood type AB, in whic 

two types of protein (“A” and “B” appear together on the surface of blood cel 

(Table:22.3) 

Table 22.3: ABO Blood Group Antibodies and Antigens 


ABO Blood Groups 
Antigen A+ B 


s. The Problem 


A man of blood group B a 


one group B and one group C 
| What are the genotype of fiy 
people? 


AB because both I‘ and I? alleles a 


Neither Antigen 
A nor B 


Antigen 
(on RBC) 


Both Antibodies ` 


Anti-A Antibody | Neither Antibody 


474 
‘+ 


Anti-B Antibody 


\ $2 
1h ae 


Antibody 
(in plasma) ° 


Type A Type B Type AB 
Cannot have B or | Cannot have A or Can have any Can only have 
E AB Blood AB Blood type of blood O blood 
pe 


Is the univ ersal 
dono! 


Is the universal 
recipient 


Can have B or O 
Blood 


Can have A or O 
Blood 


ntibodies of ABO Blood System 
Two types of antibodies are present in blood 
jasma, The antibodies present together with the 
ytigens in Opposite way i.e, Antigen A with anti-body 
„antigen B with antibody A, antigen AB has no 
jtibodies, none of the antigen with both antibodies A 
ad B. There is an agglutination reaction between similar 
ntigen and antibody. Antigen “A” agelutinates the 
ntibody A and antigen “B” agglutinates the antibody B. 
nsfusion Principle 

Blood transfusion is the process of transferring 
lood into one's circulation intravenously. Transfusions 
used for various medical conditions such as 
jeficiency of blood, blood lost during pregnancy or any 
gery, any blood cell disease like thalassemia, sickle 
and leukaemia, etc. 


and donor are tested. If transfusion is carried out between 
incompatible blood groups, antigen, antibody 


person with blood group B or O. The person with blood 
group AB can receive blood from all other types i.e. A, B, 
AB and O while a person with blood group O can only 
-Teceive blood from its own type. Therefore, blood group 
'O'is called universal donor and blood group AB i is called 
universal recipient. 

225, 


eaction will occur in recipient and as a result | 


Extra f 
\ Jnformation 


An erythroblast is a type of 


RBC which still retains a cell 

nucleus. It is intermediate 

precursor of normal erythro- 
tes. 


_The woman with blood group 
B has a child with blood group 
OQ what is the genotype of 
| mother and child? What are 
the genotypes father could 
\have? 


type 'A' and mother hybrid 


| blood type B what are possible 
blood groups of their 
Before blood transfusion blood group ofrecipient | 


The blood group O is more 
frequent in human population. 
Can you expl-ain why this i is 
so? 


Interi siiti< 


'i HOrmatioi 


plastosis Foetalis 
or present on the surface 
p system. The ABO blood type ig 
esence of Rh factor while—ve sig 
red Rh antigen from the blood of 


rythro 


22.4 Rh Blood Group System and E 
basis of Rh fact 


Rh blood group system is defined on the 
of red blood cells. Rh factor is another blood grou 
represented by + or — sign. The +ve sign indicates the pr 
indicates the absence of Rh factor. Landsteiner discove 
Rhesus monkey in 1930. 

Antigens of Rh Blood Group System and Genetic Basis 

Rh blood group system is encoded by three genes C, D andE. Lese BRYS OCON 
two loci i.e. locus D and C or E loci. Gene D is located on D locus while the gene C or E 
located on other locus. However, D locus has prime importance. The gene D has two 
alleles, D and d. D is completely dominant over d. Therefore, the person with DD or Dd 
are Rh +ve. The person dd genotype is Rh—ve. 

The O ay blood yn is ere donor because it can donate blood to all blood 
groups. The AB +ve is universal recipient because it can receive blood from all blood 
groups. 

Table 22.4: ABO and Rh Blood Groups system 


Donor 


Recipient 
f vira 


fnformation 
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Anti Rh-antibody and Transfusion Principle 
The Rh antibody is not present naturally in the body. This antibody 


is produced in 


y incompatible for Rh -ve recipient. 


reaction of Rh antigen. Rh +ve donor is totall 
+ve blood 


Sometimes Rh —ve person receives Rh +ve antigen through wrong Rh 
transfusion. He starts producing anti Rh antibodies against Rh antigen and reaction 


occurs. 
A donor who has never been exposed to Rh antigen can be transfused to Rh 


TVEe 


recipient. 


22.4.1 Erythroblastosis Foetalis 
Erythroblastosis foetalis or hemolytic disease (Haemo : blood, lytic : 
breakdown) of new born babies occurs when baby's red blood cells break down at a fast 
rate. Erythroblastosis foetalis develops in a foetus, when anti-Rh antibodies produced by 
the mother pass through the placenta and start hemolysis. 
_ Problems and Complications in Foetus 
l Babies who suffer erythroblastosis foetalis, develop the symptoms of anaemia, 
| pale and swollen body at birth. Enlarged liver or spleen. The anaemic foetus starts to 
l release many immature erythroblastosis into his blood system; therefore, the disease is 
T called erythroblastosis foetalis. The anaemic foetus may lead to abortion or still birth. If 
the pregnancy continues the liver and spleen produce and breakdown RBCs at fast rate. 
The breakdown of RBCs produces bilirubin. The high concentration of bilirubin in 
foetus blood damages brain and turns the skin yellow. This condition is called jaundice. 
_ Causes and Risk Factors 
The most common cause of erythroblastosis foetalis is maternal foetal Rh 
incompatibility. Sometime, an Rh —ve woman marries to an Rh +ve man. The women 
conceive a child with Rh +ve blood group maternal foetal Rh incompatibility. Ifthe man's 
genotype is DD, all offspring will have Dd genotype i.e. Rh +ve. If the man genotype is 
~ Dd, half of the offsprings will be Dd i.e. Rh +ve while half of the offsprings will have 
_ genotype ddi.e. Rh—ve. 
_ The Rh —ve offspring will remain safe in mother body but Rh +ve offsprings will 
 beatrisk in mother's body. Can you guess how? 


_ Prevention and Treatments 
During a pregnant woman's first prenatal doctor's visit, she should be screened for 
blood and Rh type. If she has Rh-negative blood, the father's blood and Rh type should be 
tested. If the father has Rh-positive blood, then Rh-positive foetus may develop in the 
woman. In this cause the Rh sensitization of Rh-negative mother can be avoided by a 
= simple therapy. In this therapy she is given an injection of Rh antiserum (serum 
containing anti-Rh antibodies) during early pregnancy (1 trimester) and immediately 
__ after birth within 72 hours of delivery. This causes any of the baby's red blood cells that 
_ may have crossed into the mother's blood to be destroyed before sensitizing the mother's 
| | ‘immune system to produce maternal anti-Rh antibodies. The injected antiserum 
_ disappears before the next pregnancy. This has to be done with each pregnancy whether it 
ends in 4 delivery or an abortion. (Fig.22.4) _ 
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An Rh negative woman 
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Fig.22.4: Maternal Foetal Rh-incompatibiiity 


22.5 Polygenic Inheritance and Epistasis 


Polygenic inheritance, also known as quantitative inheritance, refers to a 


single inherited phenotypic trait that is controlled by two or more different genes. 

The traits that are determined by polygenic inheritance are not simply an effect of 
dominance or recessive trait and do not exhibit complete dominance. Infact polygenic 
inheritance exhibits incomplete dominance so the phenotype displayed in the offsprings, 
is a mixture of phenotypes displayed by the parents. Each of the genes that contributes to 
a polygenic trait has an equal influence and each ofthe alleles has an additive effecton the 


phenotype outcome. 
The polygenic inheritance should not be confused with the effects caused by 


multiple alleles. 


22.5.1 Wheat Grain Colour (an example of polygenic inheritance) 


Nilsson Ehle performed many crosses between varieties of wheat having red 
seeds and those having white seeds. The noteworthy feature of his experiment was the 
variation in the intensity of the red pigment in the wheat grains produced by F, plants. 
There were many gradations from the deep red of one parent to pure white of the other 
parent so that plant could be divided into 7 different colour classes in the ratio of 1, 6, 15, 
20, 15, 6, 1. Nilsson Ehle could distinguish 6 phenotypic classes with varying intensities 
of red as follows: | deep red, 6 dark red, 15 reds, 20 mediums red, 15 light red and 6 very 
light red. Only one of 64 plants produced completely white grain and other one of 64 had 
red grains identical to the parents in the first cross. (Fig.22.5) 


g on Ehle postulated three pairs of genes controlling grain colour in wheat with 
= for red (ABC) dominant Over genes for white abc. It is also appeared that all alleles 
ntributed equally in the production or absence of red pigment. Each of the three gene 
ai when considered singly in crosses segregated in expected Mendelian fashion 
ucing F, progeny of three red and 1 white. 


A Parental AABBCC  aabbee 


> => 
x 
; | Red-kernel (dark) individuals crossed with 
E ance” Annie faiie kemel ih individual odie Fs 
a> > 
x 


The F, offspring, all triple heterozygotes, 

are then crossed to produce a range of 

color variants in the F, generation of 

; offspring. 
B F, offspring J 


ABC ABc AbC aBC Abc Be abC abc 
ABC 


ABc 
All contributing 
5 contributing = 6/64 
4 contributing = 15/64 
3 contributing = 20/64 
2 contributing = 15/64 
1 contributing = 6/64 
All non-contributing =1/64 


AbC 

Q aBC 
Abc 

aBc 

abC 


abc 


22.5.2 Inheritance of Human Skin Colour 

The pigment melanin is responsible for dark 
coloration in the skin and there are at least three genes, 
which control human skin colour. Using a hypothetical 
example where the production of melanin is controlled 
by contributing alleles denoted as A, B and C resulting in 


| dark skin colour, and therefore, light skin color is 


«+ ic possible to see how 
c, it 1S poss! OW the 
produced by non-contributing allele, denoted as â, b a 7 € 


spectrum of different skin color can result in the offspring tance alleles o di splay 

It is important to remember that in polygeni¢ ! vals ves an additive effect rather th, 
dominance over other rather each contributing allele giv “ifferent to ald in E i 
masking effect, and so the way that the alleles interact 1s an 
poetics. e melanin producir 
genes AaBbCc x AaBbCco, it is possible to see how the additiv ations 
of alleles result in all the possible genotypes: (Fig.22.6) 
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Fig.22.6: Inheritance of Human Skin Colour 
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iS 72.5.3 Epistasis " , à 
7 T “Epistasis” is a word composed of Greek roots | Bombay Phenotype 
“standing upon”. The epistasis is a form of |. = doume 
that means s : S 1S ¢ O 
‘teraction between non allelic genes in which one | [2® Bombay Phenotype 
— h Be i a | discovered in 1952 in Bombay 
combination of such genes has a dominant effect over 


ages “ge EN _ city of India. Individuals with 
other combinations. A gene is said to be epistatic when ` the Bombay phenotype have 


jts presence suppresses the expression of a gene which is | the genes to make the ABO 
present on another locus ofsame or other chromosome. | antigen at one loci but lack the 


ich i a genes that produce the H 
a wh IS suppressed is known as e brte odcedi at lattes 
bynes’ 


W } locus. Individual with 
Epistasis is different from dominance because | Bombay phenotype can 


dominance is the phenomenon in which the alleles ofthe receive blood from other 


same locus interact with each other to produce a individual with blood group O 
phenotype. While epistasis is a type of interaction that ` burcannoj donate blood. j 


- occurs between alleles of different loci. (Table 22.5) nang 


“Fable 22.5 Difference between Dominance and Recessive Epistasis 


Dominance 


involved, therefore, there is no 
interaction. 


\|One pair of gene masks the effect of 
another pair of genes. 

Expression of both the dominant and 
recessive alleles may be suppressed by 
the epistatic gene. 


Relationship of Epistasis with Polygenic 
Inheritance 

The epistasis is a type of polygenic inheritance 
where the alleles at one gene locus can hide or prevent 
the expression of alleles at a second gene locus. 
Labrador retrievers (type of dog) one gene locus 
affects coat colour by controlling how densely the 
pigment eumelanin is deposited in the fur. A dominant 
allele (B) produces the black coat while the recessive 
allele (b) produces a brown coat color. However, a 
second gene locus control whether any eumelanin at all is 
deposited in fur. Dogs that are homozygous recessive at 


An allele mask the effect of another 
allele of the same gene pair. 


Expression of recessive allele is 
masked by dominant allele. 


on ~ A 


this locus (ee) will have yellow fur no matter which alleles are at the maes 
The polygenic inheritance is not ċontrolled by a single gene locus, but p, th 


combined interaction of many gene loci. In epistasis, the interaction between Benes ; 
antagonistic, such that one gene masks or interferes with the expression of another. 
An example of epistasis is pigmentation in mice. The white type coat a agouti (A4 | 
is dominant to solid colored fur (aa). However, a separate gene (c) is necessary for 
pigment production. A mouse with a recessive (c) allele at this locus is unable to Produc, 
pigment and is albino regardless of the allele present at locus “A”. Therefore, the 
genotype AAcc, Aacc and aacc all produce the same albino phenotype. A cross betwee, 
heterozygotes for both genes AaCc x AaCc would generate offspring with a phenotyp;, 
ratio of an agouti 3 solid color: 4 albinos. In this case, the gene 'c' is epistatic to the ',) 


gene. 


Coat Color in Labrador Retriever 
The Labrador retriever is highly 


popular type of dog found all over the world. 
This dog is trained to perform different task 
e.g. screening and detection work for law 
enforcement agencies. These are also used 
for hunting. There are three basic coat color 
in the Labrador: black, yellow and 

Fig, 22.7: Three types of Labrador Retriever 


chocolate. (Fig.22.7) 
In Labradors, the B and E genes result in black, yellow and chocolate Labrador 


e.g. BB become a black Labrador. The Bb dog is also black but it carries the chocolate 
gene which can be passed onits offspring. So bb genotype have chocolate Brown coat 
color while yellow Labrador is characterized by a recessive epistatic gene (ee). But every 
Labrador retriever has both sets of genes which can come in any combination of capital 
and lower case letters i.e. dominant and recessive alleles. Regardless of the combination 
of B genes, any time the ee genotype is present, it masks the B coloration e.g. BbEE dog 
would have a black coat but Bbee dog would have a yellow coat. The black Labradors are 
dominant, therefore, having the most possibilities. Both yellow and chocolate Labradors 
are recessive, but because a yellow Labradors 'ee' genes mask both the black and 
chocolate coloration. So yellow Labradors are more common than chocolate Labrador 


(Fig.22.8) 
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Fig.22.8: A e of Coat C of Labrador Retriever 


Inheritance of Flower Color (Pigment phenotype) of Sweet Pea (Lathyrus 
odoratus) f 
Batson and Punnett studied the genetic control of 
flower color in the sweet pea. It is an example of 
duplicate recessive epistasis. The flowers in this plant are | genetic material (DNA). If a 
either purple or white. The flowers will be purple if they | utation oc pure e 
contain anthocyanin pigment and flowers willbe whiteif | resulting genetic change can 
they do not contain this pigment. The production of | be inherited. There are also 
anthocyanin is controlled by two different gene loci. The mutations which occur in. 
presence of at least single dominant allele of both the ie body cells. These are 
gene pairs is required for the production of anthocyanin. © They Ane Bir A ear | 
The dominant allele of one gene 'A' acts on a colorless different type of cancer and 
precursor (substrate A) to produce an intermediate | nottransmitted in offsprings. j 
colorless product, which on getting activated by ~ meee 
dominant allele of the second gene 'B' result is the formation of anthocyanin pigment 
leading to production of purple colored flower. Thus dominant alleles 'A' and ‘B' 
complement each other to produce purple color. This type of interaction is also called 


= 
Gene etic P Problem. 


When two chocolate! 
i colored Labradors were 
| crossed, a yellow puppy | 
was born, what is the 
possibility of yellow coat 
colored puppy if the parents 
\are again crossed? 


MateBiont isa dane i in either 
_ the amount or arrangement of 


complementary gene interaction Parents Purple flower X 


+ White flower 
Faas it involves the interaction of both ae ES 
= _ D % i £ 
: € Ee nes I f a ny one loc us h as ' AaBa Purple flowe; 
omozygous recessive genotype ie AB Ab aB ib 


AAbb or aaBB then it will interfere with 1B} AABB || AABb f ABB AaBb 
dominant allele and hide their expression pa ae A U 1 [P] 
of purple color and flowers will be white 5 Ab | AaBb Aabb 


in color. In this case the epistatic alleles . paasa a i = 
t carcass IE Ls | 
so this Í aaBb | aabb 
type of epistasis is called duplicate i, TE oe ew) i iw) 
recessive epistasis. P= Purple flower, W = White flower 
Batson and Punnett crossed Fig.22.9: Inheritance of Flower Color 
white flower plant AAbb with another call 


es plant aaBB and got F, generation. In F, generation all plants were purple 
plants. Then they self-crossed F, offsprings and got F, generation. In F, generation 


they got two types of plants i.e. purple and white in 9-7 ratio. This result confirms the 
duplicate recessive epistasis. (Fig.22.9) 


22.6 Gene Linkage and Crossing Over 


The term gene was introduced by Wilhelm Johannsson (Danish botanist and 
geneticist) in 1909. Gene is a small segment of DNA as chromosome. It consists of 
specific sequence of nucleotides which code a specific protein or polypeptide chain. The 
place on chromosome where the gene resides is called the gene locus. Mendel did not 
know about gene. He used the term factor or element which is now called gene. 


22.6.1 Gene Linkage 


Genes that are located on the same chromosome are called linked genes. Alleles 
for these genes tend to segregate together during meiosis, unless they are separated by 
crossing over. Crossing over occurs when two homologous chromosomes exchange 
segments during meiosis. The close together two genes are on a chromosome, the less 
likely their alleles will be separated by crossing-over. 

Linkage explains why certain characteristics are frequently inherited together e.g. 
genes for hair color and eye color are linked, so certain hair and eye colors tend to be 
inherited together such as brown hair with blue eye. 

If genes are linked at autosomes, called autosomal linkage and if genes are linked 
on sex chromosomes, called sex linkage. Linked genes violate the law of independent 
assortment because these genes are not free to participate in independent assortment. 


Detection of Gene Linkage 


A test cross is an ideal method to know whether the genes are linked or not. Any 


deviation from the ratio of offsprings as expected by the 
law of independent assortment is to be verified for 
linkage. A test cross with one of the parents being 
homozygous recessive. All the offsprings exhibit the 
ossible combination of traits in equal ratio if the alleles 
are not linked and other parents of the original cross is 
heterozygous. Any significant deviation from this 
indicates the possibility of linkage. Approaches to test 
cross can include two-point test crosses for double 
heterozygous and three point test crosses for analysis 
with three genes. If offsprings in test cross are all parental 


SRY Gene Located on Y 
chromosome encodes a 
transcription factor protein 
< which controls expression of 
_ other genes. It stimulates male 
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types than it is called complete or light linkage and ifless recombinant and more 
parental types are produced, then this is called incomplete or partial linkage. To 
determine the effect of linkage on inheritance, Morgan performed an experiment on 


Drosophila (fruit fly). 
Morgan Experiment 


Thomas Hunt Morgan (1866-1945) was an American geneticist and 
embryologist. He performed several experiments on Drosophila melanogaster (fruit 
fly). In one of his experiments he crossed long winged and broad abdomen with vestigial 
wing and narrow abdomen fly. The long wing and broad abdomen are dominant while 
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Fig.22.10: Morgan Experiment 
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vestigial wing and narrow abdomen are recessive traits. So in F, generation all flies ų Şi 
a ~ . " a» = >) cre ape ' 
long winged and broad abdomen. Then he self-crossed two flies of F, generation, | 


generation he obtained 3/4 of offspring with long wings and broad abdomen ; 
> = o so 10) 


a ee 
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remaining | /4 of the total had vestigial wings and narrow abdomen. (Fi 
interpretation of Results or 
These results were unexpected and violation of Mendel's law ot independen; 
assortment ie. 9:3:3:1. Morgan concluded that the genes of long wings and broag 
abdomen located on the same chromosome, so they could not assort independently 
during meiosis and rather inherited together. Therefore, no recombinant types were 
produced. 
Linkage Detection 
Gene linkage can only be detected accurately ifthe number of offsprings are quite 
large. It is because the probability Ze. chance of occurring an event determine the kind of 
sametes and chances of their fusion. Thus as large number of offsprings will be, the more 
hance of accuracy in detection of result. More parental type and less or no recombinant 
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is indication of gene linkage. For detection of linkage Morgan mated the dihybrid (Gg 
Ww) with recessive parental type flies (gg ww), Morgan's result was very different from 
the results, he expected based on the law of independent assortment i.e. 1: 1: 1: 1, while 
the actual result were quite different i.e, more parental types and less recombinant types. 
(Fig. 22.11) 


crossing Over 

During the formation of gametes, the homologous pairs ‘of chromosomes 
exchange their segments. This process is called crossing over. Crossing over results in a 
shifting of genetic material and an important cause of genetic variation. The crossing 
over brings alleles together in new combinations. When these alleles distribute in 
gametes, a wide variety of gametes are produced. This is why the siblings are not 
identical. The cross-over data may also be used to determine the location of gene on 
chromosome i.e. gene mapping. (Table 22.6) (Fig.22.12) 
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It keeps the genes together. 


It involves non-sister chromatids of||It involves individual chromosome. 
homologous chromosomes. 


It leads to separation of linked gene. 


It increases variability. It reduces variability. 


It provides equal frequency of parental || It provides higher frequency of parental 
and recombinant type in test cross||type in test cross progeny. 


Homologous Recombinant 
Chromosomes Bivalent Chromatids 


ise a ie in 


Non-sister Sister Chiasma 
Chromatids Chromatids 


Fig.22.12: Chromosamal Crossing Over 
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22.8 Sex Linkage 
The sex chromosomes (X and Y) contain genes which are related to sexual 
character (traits) of male and female. However, besides controlling sexual traits the sex 
chromosomes also contain other genes which are not concerned with sexual a This 
phenomenon is called sex linkage e.g. gene for blood clotting factor VIII, gene for 
opsin pigment in eye, gene for hairy pinna, erc. An allele that is located only on X- 
chromosome (i.e. non-homologous portion) is called x-linked. The allele that is only 
located on the (non-homologous portion) of Y chromosome is called Y-linked or 
holandric traits. All those such allele which are located on homologous portion of X and 


y chromosome are called XY linked genes or pseudo-autosomal genes because their 
pattern of inheritance is like autosomal genes. 


22.8.1 Sex Linkage in Drosophila 
T.H Morgan (1910) for 
the first time discovered sex 


linkage in Drosophila. Morgan Q=x'x' x d- xY 
when experimenting noted the  White-cyed Female a 


SSS ee a BERRA LLI SEU aT). 


sudden appearance of one white 
eyed male in the culture of 


normal red eyed Drosophila. T i , 
This white eyed male was Qax'x -xx = x'y d =x'y 


crossed with red eyed female. 
The F, flies were all red eyed 
indicating that white eye color 
is recessive to normal red eye : 


color. When these F, flies were Roars Resmo ear a ypa 
self-crossed freely, the red and . 


white eyed flies appeared in he <== D 


. A - ro 22 . Ço > v 
ratio 3:1 in F, generation. The Fig.22.18: Sex determination in Drosophila 
white eyed flies were male. Among the red eyed fliès two third were female and one third 


50% males were white eye; | 

cal cross was performed bep, 
k 

i] female in F, generation are red eyed and al] 

s of individuals from F, generation were . 


i i 0% red eyed and 50% „. 
ulation in F, generation will consist of 50% y Whit 


are all red eyed whereas 


~ The female 
pity d eyed. When a recipro 


remaining 50% male were re 
white eyed female and red eyed male, a 
are white eyed. When these two type 
crossed, female pop 
yin grat the male population in this genera 
50% white eyed individual. (Fig.22.18) 


tion consists of 50% red eye, ti 


Morgan Conclusion — 
rg On the basis of these results Morgan concluded that the w ye trait gene ; 


located on X chromosome and this gene is recessive for eye color. 


22.8.2 Sex Linkage in Humans 


There are many traits in human which are linked with sex chromosomes. The sey 
linked traits may be X-linked or Y-linked. The X-linked may be recessive or dominant. 
X-Linked Recessive Inheritance 

The X-linked recessive inheritance is due to recess 
These are more common in male than female. It is because female possessing one x. 
linked recessive is considered carrier. A female for X-linked recessive trait can only bę 
affected if it carries allele on its both X chromosomes. On the other hand, as male has Only 
one X chromosome, so if a recessive allele is present on X chromosome it will express 
itself. A father cannot donate X-linked allele to his son. So pattern of inheritance is from 
grandfather to daughter and then grandson. The examples of X-slinked recessive 
inheritance is haemophilia A and B, color blindness and testicular feminization. 
X-Linked Dominant Inheritance 

The X-linked dominant inheritance is due to dominant allele present on X 
chromosome, so this type of inheritance equally affects in male and female. However, all 
female children of affected father will be affected but no male children of affected father 
will be affected. The affected mother may affect 100% children if this dominant allele is 
located on both X chromosomes but if this dominant allele is located only on one sex 

chromosome then chances of affected children will be 50%. The examples of X-linked 
dominant inheritance are hypophosphatemia (rickets), incontinentia pigmenti, etc. 
Y-Linked Inheritance 

The inheritance of genes located on "Y' chromosome. Since only male have 'Y' 
chromosome. Therefore some 'Y' linked genes can only be transmitted from father to son. 
The Y-linked inheritance is also called holandric inheritance. The concepts of dominant 


ive allele on X chromosome 


val 


and recessive do not apply to Y-linked traits, as only one allele is ever present in any one 
i ryt : mse diz ee r z = 
(male) individual. 'Y' linked inheritance never occur in females. The examples of Y- 


jinked trait in male are hypertrichosis (growth of hair on ear pinna), porcupine man 
(straight hair on body) and webbing of toes, ezc. (Fig.22.19) 


Extra 
Infor mation 


|Recently two more genes 
located on Y chromosomes 


have been discovered. 
ji) Testis determining factor 
(TDF). 
a ii) Minor Histocompatibility 
Fig.22.19: Hairy Pinna gene (H-Y) 
(Example of Y-linked Inheritance) 


12.8.3 Sex Linked Disorders in Human 


Sex linked disease are passed down in families through one of the X or Y 
chromosomes. Some sex linked disorders will be discussed here: 


Genetics of Haemophilia 

It is a serious disease of human in which blood 
fails to clot after it starts flowing from an injury site of 
haemophilia patient. It is an X-linked recessive trait 7. e. 
its recessive allele is located on 'X' chromosome, say ye 
Its dominant allele says X” favors blood clotting. It is 
very rare in females as female requires allele from her 
both father and mother which is very rare, as very few 
diseased males survive to marry and reproduce. On the 
other hand, male can easily get this disease, as they only 
need to geta recessive gene form the mother. 

There are three types of haemophilia ie. 
haemophilia A, B and C. The allele for haemophilia A 
and B are located on X chromosome, so these two 
types are X linked. The allele for haemophilia C is located on autosome, so its chances are 
equal in male and female. However, haemophilia A and B are more common. 
Haemophilia A is caused due to missing blood clotting factor VIII and is about 80% of 
total haemophiliac patients. Haemophilia B is due to absence of blood clotting factor IX 
and it is about 20%. haemophilia C is due to missing of blood clotting factor XI and it is 
very rare (less than 1%). 
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‘History. of Haemophilia’ 


-L 


The haemophilia is called 
royal disease because haemo- 
philia gene was passed from | 
Queen Victoria, who became 
Queen of England in 1837 to. 
ruling families of Russia, 
Spain and Germany. Queen 
| Victoria's gene of haemophilia | 
was caused by spontaneous | 
mutation. 
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Tobie 22.7- Comparison benveen different Types of Haemophilia 

B 
——————— eee a 
It is most common n type. It is 2" most common type. | It is least common. 
It is very severe. hs is moderate. 


It is mild. 


It is caused by missing of a 
blood clotting factor VIII. i 


It is caused by blood clotting 


It is caused by blood. clotting 
factor IX. 


factor XI. 


Genetics of Color Blindness 
Color blindness is not a form of blindness at all, 
but a difficulty in distinguishing certain colors, such as 
blue, yellow, red and green. The color blindness is infact 
a color vision deficiency. It is X-linked recessive |genetic mutation that makes 
inheritance, therefore, more common in males than — ite ais pm a a. 4 | 
females. There are three fundamental colors. i.e. Red, | different types of cone cells. 
green and blue. There are two types of photoreceptor | enabling them to see 1000 
cells in retina of eye i.e. Rod and cone cells. The rod cells aoe JA s T a oe 
are more abundant but these are incapable of perceiving \whocansee 100 million. 
color. The cone cells are responsible for color vision. 
There are three types of cone cells i.e. red, green and blue color receiving. The cone cells 
can receive these colors if they have opsin proteins. The three type of opsin protein is 
coded by different genes. The gene for red and green opsin are on X chromosomes while 
gene for blue opsin is on chromosome No.7 which is autosomal chromosome, so equally 


expressed in male and female. The color blindness may be in the form of dichromacy and 
monochromacy. 


Some women can have al 


Dichromacy 


A color blind patient with dichromacy can perceive two primary colors but unable 
to one primary color so dichromacy can further have three sub types 
1) Protanopia is red color blindness. 
2) Deuteronopia is green color blindness. 
3) Tritanopia is blue color blindness. 
Monochromacy 

It is severe type of color blindness in which patient perceive only one color. It is 
true color blindness. Usually monochromate cannot perceive red and green colors. It's 


pattern of inheritance is same as other X-linked recessive inheritance like haemophilia. 
(Fig.22.20) 


he central idea of Biological evolution is that all life on earth share a Commo, 
sestor. Evolution can be defined as descent with modification, 4 phrase Darwin used 
1 proposing that earth's many species and descendants of ancestral species that Were 
different from present day species. Ey be defined more narrowly as q 
change in the genetic composition ofa generation. 

A brief description of main theories concerning the origin of life Is Presented jy 
this chapter. Some evidences in support of evolution have also been provided. The 


Hardy-Weinberg Principle and factor that change the allelic frequencies will also be 
discussed. 


in 


olution can also 
population from generation to 


24.1 The Evolution of the Concept of Evolution — m 
Understanding evolution is critical for understanding biology. Evolution is th 

only scientific explanation for diversity of life. It explains similarities MONS Vast 

variety of life. There are many concepts about evolution. Two major and contradictory 

concepts ofevolutionary thoughts are: 

a) Special Creation b) Theory of eVolution 


24.1.1 Concept of Special Creation . 
The belief that the origin and diversity of life 


result from super natural event at a particular time in the 
past, whereby each species was created separately (from 
the act of God) is called special creation. The supporter 
of special creation is called creationists. This theory is 
supported by most of the world's major religions and 
civilizations. This concept is based on the references of 
Holy books. According to their interpretations that Allah 
has created everything in the universe in six days and human was created at sixth day. ln 
fact, the faith accepts things for which there is no evidence in the scientific sense. This 
means that logically there can be no intellectual conflict between scientific and 
theological account of creation, since they are mutually exclusive realms of thoughts. ln 
most cases the scientific truth to the scientists is tentative, but theological truth to the 
believer is absolute. 


24.1.2 Concept of Evolution p 

In biology, evolution is the change in the characteristics of a species ovet sè x 
generations and theory of evolution is based on the idea that all species are related pi 
change over time. The supporters of evolution are called evolutionists. Accor: ` 
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eif point pee, UaIVerse ae can did not always exist in their present form but result 
ine any changes from lower to higher order. They also reject the theory of special 
2 tion. According to big bang theory the life began on earth about 3.5 billion years 
i a The fossil record supports this hypothesis that life originated from simple 
proka otic organism and then eukaryotic organisms developed from this prokaryote 
pout 1.9 — 2.1 billion years ago. The present day biodiversity is the result of these 
„ontinuous evolutionary changes. The concept of evolution did not begin by Darwin and 


yblication of his book “Origin of Species”. The evolutionary concepts were present at 
hetime of Aristotle about (384-322BC), 


| 34.1 3 The Process of the Evolution of Man in the Holy Quran 


The Quran is clear in its support that humans came from lower beings and that 
creation had a process involving diverse successive stages. i 

Allah Almighty started the creation of life on Earth, and then left it to evolve as a 
result of learning from the adaptation to various environments, which intervention from 
Him tomake His creation better. As far as origin ofman is concerned. 

Allah Says in Quran “O mankind! Be careful of your duty to your Lord Who 
created you from a single soul and from it created its mate and from them has spread a 
multitude of men and women”. (Surah Nisa, Verse-1) 

This verse tells us that the beginning of life was a single soul, then its mate came 
out of it. Biological science tells us that the earliest form of life was represented by single 
cell organisms found in water, then these multiplied by splitting themselves. With the 
course of time, reproduction started to be by mating pairs, instead of the archaic forms of 
splitting or dividing. 

Allah Says in Quran “Allah is He) who has made everything He created better and 
He began the creation of the human (being) out of clay”. (Surah Sajda, Verse-7) 

In this verse, we are told that Allah (Praise to Him) began the creation of human 
beings out of clay, but that was the beginning, then He improved His creation making it 
better. 

The most relevant word in this verse is “began” (bada-a), which tells us clearly 
that creation happened in a process that had a beginning, notjust at once. 


Allah Says in Quran “He has created you in diverse (and successive) stages”. 
(Surah Nooh, Verse-14 1) 


This verse may be interpreted to refer to the successive stages of the development 


ofa foetus in its mother's womb. However, it can also be interpreted to refer to the 
Successive stages of the human evolution. 


Allah Says in Quran “We created the human being from stinking, smooth, and wet 
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(Surah Infitar, Verse-7) i - 
This verse may refer to three main stages of the creation ofhuman beings. The p 
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He Who created you, fashioned you perfectly, anq | 
htened you up, to walk in an upright Boni 
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was creati 
change from unicellular prokaryo 
(the Arabic verb sawwa, fashione 
from the animal stage (The Arabic verb 'adala' 

Allah Says in Quran “Roam the earth and 


(Surah Ankabut, Verse-20) 
This verse is a direct commandment to humans telling us to travel the earth and 


observe how creation was brought forth. Interesting thing is that Darwin followed this 
verse unknowingly and discovered how creation formed. 


24.1.4 Origin of Life According to Concept of Evolution 


The vent hypothesis suggests that life may have begun at submarine 
hydrothermal vents. The first sea hydrothermal vent was discovered in 1977 in Pacific 
Ocean. The fossil found in these vents are about 3.5 billion years old. These fossils belong 
to a group of prokaryotes, e.g. the archaeobacteria (now called archea). It is also believed 
that the early atmosphere of earth was oxygen free, hot and ozone less. Therefore 
frequent exposure of ultra violet radiation was there. 
This primitive earth's atmosphere has very little nutrients 
and first prokaryotes were absorptive heterotrophs. 
Later chemoautotrophs were evolved. The photosyn- 
thetic organism evolved about 3.2 billion years ago. 
This first photosynthetic organism used hydrogen 
sulphide as source of hydrogen for sugar molecule 
instead of water. These prokaryotes still use hydrogen 
sulphide (H,S) as source of hydrogen for carbohydrate 
and produce sulphur (S) as by-product. Later on when 
cyanobacteria evolved, these started using H,O as source 
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4 Evidences of Evolution 
i The evidences to support theory of evolution is provided by many sources. Some 
jdences are discussed here. 


, ce from Biogeography 

i) _ The study of the geographical distribution of fossils and living organisms is called 
bio geography: A comparison of recently formed fossil types of living organisms in the 
ame geographic area shows that new organisms arise in area Where similar forms 
„lready lived. Thus, armadillos appeared in North and South America where 
j todonts, lived in the past. Modern kangaroos appeared only in Australia, which 
evolved from extinct giant kangaroo. Darwin found 13 species of finches in Galapagos 
islands, which are not found anywhere else in the world, as far as he knew. He concluded 
hes had evolved from a common ancestral group that probably reached the 


that the fine 
island many generations earlier. In the isolation of the Galapagos island, the original 


finches had probably evolved into the 13 species. 

The study of biogeography supports the theory of 
evolution as it is found that closely related species are 
usually found in close physical proximity to one another. 
The fossils from these regions resemble modern 
organisms. This suggests that these species share a 
common lineage. 

ii) Evid from Pal tology million yeat 

The study of past life with the help of fossils is called palaeontology. The study of 
forms of life existing in prehistoric or geologic times, as represented by the fossils (Lt = 
fosilium = something dug up) of plants, animals and other organisms. 


Palaeontology supports the study of evolution because it shows a descent of 


modern organisms from common ancestors. Palaeontology indicates that fewer kinds of 
ms were probably less complex. 


organisms existed in past eras, and organis 

Palaeontologists descend deeper and deeper into layers of rock, the variety and 
complexity of fossils decrease. The fossils from the upper most rock layers are most like 
current forms. The oldest known fossils are of prokaryotes. Therefore, prokaryotes are 
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Fig. 24.1: Evolution of Horse 
iii) Evidence from Comparative Anatomy 


Anatomy is a field of biological sciences which is concemed with the 
identification and description of the internal body structures of living things. 
The study of comparative anatomy predates the modern study of evolution. Ẹ arly 


Lamarck used comparative anatomy to determine 
. They believed that organisms with 
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Homologous and Analogous Structures 


not have the same functions e.g. the forelimbs of diffe 


e same basic patt Sa 
A Eao that -ai es oe However, their fore limbs have different 
“This ne! se mammals have common ancestor, (Fig.24.2) 
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Fig. 24 >: The fore limbs of Human, Cat; Whale and Bat showing Homologe 
The homologues struct-ure shows divergent evolution. 
Analogous structures ‘are those structure which are different in structure but 
similar in function. These structures perform similar function but may be different ın 
r basic pattern e.g. the wings of bats and birds look similar from outside. They also 
have the same function. However, wing evolved independently in two groups of anima Is, 


thei 
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& | snakes have hipbones, 
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Fig. 24.3: Analogous Structure of Birds, Bat, Insects 
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A molecule called cytochrome C, which is found in all organisms. This molec, 
performs same functions in.all organisms. This highly conserved protein is a ke 
component of the electron transport chain (a part of cellular respiration). The cytochro, he 
Calso plays role in programmed cell death. 

Similarity, these molecules make sense that these are important molecules ang 
therefore, present in most of organisms. However, it would not make sense if each os 
these molecules appeared independently in each species. These shared biochemic,) 
molecules and pathways provide strong evidence for common descent and evolution. 

24,3 Evolution of Eukaryote from Prokaryotes 

Fossil records indicate that eukaryotes evolved from prokaryotes somewhere, 
between 1.9 - 2.1 billion years ago. Two hypothesis have been proposed to describe the 
evolution of eukaryotes. These hypotheses are membrane invagination hypothesis or 


theory and endosymbiotic hypothesis or theory. 
24.3.1 Membrane Invagination Theory 


The invasions of the host prokaryotes cell probably were successful because the 
host cell membrane infolded to surround both invading prokaryotic cells and there by 


transport them into the cell. The membrane did not / A Eira 
dissolve but remained intact, and there by created a Seen [formation | 
second membrane around the promitochondria and think that you are 
prochloroplast. It is also known that in modern day ut believe it or not 
eukaryotes the inner membrane of both mitochondria hate about 50% of your 
and chloroplast contain structures more similar to . ae and 
prokaryotes than eukaryotes. Whereas the outer o ERAAN 
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membrane retains eukaryote characteristics. It is also 
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Fig. 24.4: Endosymbiotic Theory and Cell Invagination Theory 


24.3.2 Endosymbiosis Theory 
Research conducted by Lynn Margulis supports Sas PT 

the hypothesis that two separate mutually beneficial 
invasions of a prokaryote cell produced the modern day 
mitochondria and chloroplast as eukaryotic organelles. 
In this model, ancestral mitochondria were small 
heterotrophs capable of using oxygen to perform cellular 
respiration and thereby create useful energy., They 
become part of a large cell either by direct invasion as an internal parasite or as an 
indigestible food source. Later a second invasion brought ancestral chloroplasts, which 
a thought to be small photosynthetic cyanobacteria. Modern day supporting evidence 
or endosymbiosis shows that both mitochondria and chloroplasts have their own genes, 
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24.4 Lamarckism 
© Jean Baptiste de La Marck (August 1, 1744 - December 28, IA was a Fren 
naturalist and early proponent of idea that evolution (descent wi ; modificat, 
occurred and proceeded in accordance with natural laws. Lamarck, however ; 
remembered today mainly in connection with his now rejected theory of heredity th 
inheritance of acquired traits. Lamarck is regarded as a premier authority of plants , 
invertebrate zoology and well known toponymist (Expert of study of places Names), He 
also wrote a book Philosophie Zoologique (Zoological Philosophy) in 1809. 


24.4.1 Lamarck's theory of Evolution : 
The theory about evolution presented by Lamarck is 
called Lamarckism. Lamarck's theory involved two ideas. 

i) An organ which is used more and more by an organism 
becomes bigger and stronger, and one that is not used, 
becomes weak and eventually disappears. He called this 
concept use and disuse. 

ii) Any feature ofan organism that is improved through use is 
passed to its offsprings. | 
This concept was called inheritance of acquired Fie. 24.5: Jean Bapr 

characters. (Fig.24.5) de La Marck 


Examples to Support Lamarck Theory an 
Evolution of Giraffe i 
According to Lamarck, the ancestors 
of giraffe looked like horses with small neck 
and forelimbs. They lived in areas where there 
was no surface vegetation. Therefore, they 
had to stretch their neck and forelimbs to eat 
leaves from tall plants. Consequently, these 
parts got elongated. This trait was transmitted | 
in the succe-ssive generations. (Fig.24.6) 


Extinction of Limbs in Snakes. Fig. 24.6: Evolution of Giraffe Neck 


The snakes are believed to have evolved from lizard like ancestors that had two 


pairs of limbs. Due to disuse of the limbs, the limbs got weaker and shorter and eventually 
disappeared. 
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) new organs are not formed in organisms by requirement. 
A [tis not ed ae acquired character transmits into new generation. : 
i) foreover, an Se iologist August Weisman, in 1880s disproved the 
arck’s theory of inheritance by giving experimental proof. He removed tails of 68 
; , repeatedly for many eo otions, and reported that no mice were born without a tail 
~ „with shorter tail. This rejects the theory of inheritance of acquired characters. 


Darwinism 
"Charles Darwin was born on February 12, 1809 in 
prewsbUrY, England and died at “Down House” in Kent on 
April 19, 1882. He is known as father of evolution. He was 
selected as naturalist on HMS Beagle (A British naval ship about 
to sail around the world to expand the. navy's knowledge of 
natural resources). He wrote the book “Origin of species by 
means of natural selection”. In his book, he has given the idea of 
evolution by means of natural selection. (Fig.24.7) Fig. 24.7 


Charles Darwin 


14.5.1 Darwin's Observations During his Voyage 
In 1831, when Darwin was just 22 years old, he set sail on scientific expedition on 


aship called the HMS Beagle. He was the naturalist on the voyage. As a naturalist, it was 
his job to observe and collect the specimens of plants, anjmals, rocks and fossils wherever 
the expedition went ashore. During this long journey Darwin made observations. 
Darwin Finches 

One of the most famous species that Darwin observed were finches that lived on 
ee Islands. He found 13 different species of finches and noted the main 
Fi = amongst the finches on each island which were their beak shape. He observed 
i. ae Z each island had beak shapes that were applicable for the type of food that 

eonthe island. (Fig.24.8) 
303 


P A E 


Cactus 
finch 


Large 
ground finch 


Fig. 24.8; Darwin 
Giant Tortoise 


Sharp beaked 
ground finch 


0009 
island finch 


Warbler 
finch 


Mangrove 
finch 


Woodpecker amma 
finch Ọ 


tree finc 
Medium 


Finches of Galapagos Island 


Darwin also observed giant tortoises in Galapagos Islands. The Gal 


. 3 apap 
Islands were named for their giant tortoises. Darwin noticed that tortoise on ong 
had saddle-shaped shell, while those on another island had dome shaped she 
observation made Darwin to think about origin of species. (Fig.24.9) 
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Fig. 24.9: Tortoises of Galapagos 


In South America, Darwin found fossils that resembled modern animals however, 


they had differences is size and adaptations. 
ancestors and that species change over time. 


It made him realize that living things had 
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lopment of the theory of Evolution 
„hough Darwin ee atodi theory of natural Selection in 1859 in his famous 
A care ecies” but he started his work in 1836 
«ofig! z i ` ‘te : 
yk val In the ae ee the data to support his idea. His theory of 
c Hlte 5 . r x 
(9 a `- not only base on Mus Observations, but he was also inspired by the work of 
uae p scientists of his time. Therefore, he also shared the ideas of these scientists in 


D 
w 


after return from 5 years trip of 


y opment ofhis theory. 
ev" 
cont was well known English geologist. He wrote a Information) 


„principles of Geology”, in his book Lyell argued | The size of Galapagos tortoise 
po? dual geological processes have gradually shaped |1s about 4 feet, weight 475 


pe i ace. Darwin was impressed and he took his | Pounds, average life span is 
pots nim on the Beagle voyage. | 100 years and it feeds on 
with \plants. 


w 
” ps Hutton (1726-1797) 
He was Scottish geologist, chemist and naturalist. He has given the concept of 
jiormitarianism, which explains the features of the earth's crust by means of natural 
“ocesses over geological time. He was also the first person to propose a mechanism of 
natural selection to account for evolutionary change over time. Darwin was also inspired 
py Hutton's work. 


thomas R. Malthus (1766 = 1834) 


lel y He was an English economist. He wrote an essay on population. In the essay, he 


howe" 
pings j 


argued that human populations grow faster than the resources they depend on. When 
populations become too large, famine and disease breakout. In the end, this keeps 
populations in check by killing off the weakest members. Darwin read the article during 
hisjourney and influenced by his thoughts. 
Alfred Russell Wallace (1823 = 1913) 
Wallace lived at about the same time as Darwin. 
He also travelled to different places to study nature. 
However, he developed basically the same theory of |4 
evolution while working on distant lands, Wallace sent 
Darwin a paper he had written. In the paper, Wallace 
“plained his evolutionary theory. This served to 
confirm what Darwin already thought. 
Why the theory was attributed to Darwin? 
Ma the Wallace developed basically the same theory of evolution as 
y Darwin. Moreover, Hutton was the first person to propose a mechanism of 
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tural selection. The Alfred Russell Wallace a : 
ne ‘ S i À i i 
motivated Darwin to publish his book about the origin o 
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species by means of natural selection. pe nae By sme D yi ; ; | 
came up with great supporting evidences from a wide published. Th. < hag aj Le 
variety of scientific disciplines, including palaeontology, species has beer, “righ 
geology, vestigial organ, biogeography and comparative ne languages i a 3, 
anatomy. Darwin spent more than 30 years in studying Turkis » Hindi etc. ‘ay 0) 
and observing nature before concluding his ideas. ~ 
Therefore, this theory was attributed to Darwin. ; mf 
24.5.3 Darwin's Theory of Natural Selection tral 

According to this theory various types of plants, animals and other living 4. d) 


on earth have their origin in other pre-existing types and that the distin 


SUish, 8 yí 
differences are due to modifications in successive generations. There ( 


are two main Doin of 
of Darwin's theory of evolution i.e. |g 
e Descent with modification 
e Natural selection. de 
Descent with Modification in 
Descent with modification means passing on the traits from parent o Panis,» a 
their offsprings. According to Charles Darwin, all species descended from on] y a fey i 7 
forms that had been modified over time. This descent with modification as he called 
forms the backbone of his theory of evolution. l F 
Natural Selection ( 
Natural selection is the process in nature by which organisms better adapted 4 
í 


their environment tend to survive and reproduce more than those less ad 
environment. There are four observations about natural selection. 
a) Over Production 


Each species has the capacity to produce more offsprings that can possibly obtain 
food and survival. Ifall offsprings ofany species remained alive and reproduce, they will 
soon over crowd the earth and could destroy all other species. For example if each 
breeding pair ofelephants produces six offspring during its 90 yearlife span, in 750 years 


a single pair of elephants will give rise to a population of 19 million. Yet elephants have 
not overrun the planet. | 


b) Struggle for Existence | 

The individuals increase enormously in number but the space and food available | 
remain almost constant. There is always an active competition and three- fold struggle to | 
ensure living, to obtain the maximum amount of food and better place. The struggle for | 
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apted to thei 


r 
e: 
may? 7 
P gpecific: Competition among the organisms of same sp 
p à sas SHUSMS OT SAME Species. 
ecific: Competition among the organisms of diff wi. 
k jnter Sp È organisms of different species living 
} — sogether ntal Struggle: Struggl 
e a: rele agai : rari ` Ñ ala 
pvironm fgie against various environmental conditions. 
Foa y ns 
„dividuals jn a population exhibit variation in their trait: ; 
à rheina ae ae variation in their traits. Some of these traits 
e the ¢ al ee cary for eh and reproductive success, whereas other 
sdonot Varia ry for evolution by natural selection must be heritable. 
jä of the fittest 


0) As a result of competition erione the organisms, the stronger win and survive 
y priant while the weaker less variant are rooted out. e.g. if there is flood only those 
„ganis ms that can swim oF respire n water, have a better chance to survive and other will 
je Darwin called it natural selection. Itis also called survival ofthe fittest. 

The process of natural selection thus causes an increase in favorable alleles and 
jeorease in unfavorable alleles with in the population. Over succeeding generations, 
individual members pesume better adapted to local, conditions, thus leading to the 
evolution ofnew species. 


14.6 Neo-Darwinism 

Neo-Darwinism also called the modern evolutionary synthesis, generally 
denotes the integration of Charles Darwin's theory of evolution by natural selection, 
Gregor Mendel's theory of genetics as a basis of biological inheritance, and mathematical 
population genetics. Neo-Darwinism has been one of the most significant, overall 
developments in evolutionary biology, since the time of Darwin, Neo-Darwinism 
introduced the connection between two important discoveries: the unit of evolution 
(gene) with the mechanism of evolution (natural selection). 


24.6.1 Hardy-Weinberg Theorem 

Godfrey Hardy and Wilhelm Weinberg developed relationship between the 
frequencies of alleles and genotypes in 1908. They pointed out that the frequencies of 
various genotypes in a population can be described mathematically which is known as 
Hardy-Weinberg principle; it states that “Both the ratios of genotypes and frequency of 
alleles remain constant from generation to generation in a sexually reproducing 
population provided other conditions are stable”. 


Conditions/assumptions for stability 


Hardy-Weinberg principle describes how a population can remain at genetic 
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change. There are following cond 
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| Nomutation (change) in DNA sequence. ie Ber | N j 
) No migration (moving into or out ofa popu Be freque, ye 
3. Random mating. The allele for grey bod 
` 2 Margy -e dy 
4.  Nonatural selection. or dor inant to black ba 8, f y 
These conditions rarely occur in nature. If one b. There are 30% SAM 
more ofthe above conditions do not exist, then evolution | alleles in the gene pogi essin og 


constantly tion of 1000 “Ving 


can occur. As a result, allele frequencies s A Calculate the my, naive | } 

changing, and populations are constantly evolving. y body individual, “or g 

Factors that change allele frequencies ç body individuals a ti 
There are number of factors which may lead to tion. a 


change in allele frequencies. These factors include. — 
a) Mutation: It is the change in genome of an organism. AJOF Source o 


variations and natural selection. 


b) Migration or gene flow: It is the movement of individuals from one population 
to another. If a foreign individual migrates (comes) into the population IS called 
emigration. Ifan individual migrates (goes out) of the population is called immigration 
In both cases, allele frequencies will change accordingly. 


c)  Non-random mating: It is the mating among 
specific group of individuals in a large population. 
Individuals will mate more frequently with close 
individuals than more distant ones. Although new alleles 
cannot be developed by non-random mating but it can 
cause an increase in homozygous genotypes. % 


d) Natural Selection: Populations vary in the type 
of individuals and their reproductive success. Those 
individuals who leave more offsprings behind than 
others, pass on more of their alleles and have a better 
success rate in dominating the population. The selection 
may be artificial in which breeder select for the desirable 
traits. 


Hardy-Weinberg Equation 
It is a mathematical equation that can be used to calculate the genetic variation of a 
population at equilibrium. This equation is an expression of the principle known as 
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equilibrium, which States that the amount of genetic variation in a 

can Will remain constant trom one generation to the next in the wesence of 

sors e.g. Mutation genetic drift etc. 

si oa Jore Hardy E paorg equation, we can examine a simple genetic locus at 
: sre are tWO alleles, A'and'a'. The Hardy-Weinberg equation is expressed as p+ 

Pest where 'p' IS frequency of'A' allele and 'q' is the frequency of the 'a' allele in 

yation. In the equation 'P represents the frequency of the homozygous genotype 

hile q" represents the frequency of homozygous genotype 'aa' and '2pq' 

ithe frequency of heterozygous genotype 'Aa'. In addition, the sum of the allele 

SS for all the alleles at a locus must be '1', so p+q=1. If the 'p' and 'q' allele 

es are known, then the frequencies of the genotypes may be calculated using the 

om berg equation. In population genetics studies, the Hardy-Weinberg equation 

a sd to measure whether the observed genotype frequencies in a population differ 

k : reque ncies predicted by the equation. (Fig.24.10) 
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| Fig. 24.10: Hardy Weinberg Equation 
24.6.2 Genetic Drift | | 
Genetic Drift is a change in allele frequency in a population due to a random 
selection of certain genes. Mostly mutation within the DNA can have no effect on the 
fitness ofan organism. These changes in genetics can increase or decrease ina population 


simply due to chance. 
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